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1
OXYGEN-CONTAINING FUSED RING
DERIVATIVE AND ORGANIC
ELECTROLUMINESCENCE DEVICE
COMPRISING THE SAME

TECHNICAL FIELD

The invention relates to an oxygen-containing fused ring
derivative and an organic electroluminescence device com-
prising the same.

BACKGROUND ART

An organic electroluminescence (EL) device is a self-
emission device utilizing the principle that a fluorescent
compound emits light by the recombination energy of holes
injected from an anode and electrons injected from a cathode
when an electric field is impressed.

An organic EL device is provided with a pair of electrodes
formed of an anode and a cathode and an organic thin film
layer between them. The organic thin film layer is a stacked
body of layers having their respective functions. For
example, the organic thin film layer is a stacked body of an
anode, a hole-injecting layer, a hole-transporting layer, an
emitting layer, a blocking layer, an electron-transporting
layer and an electron-injecting layer in this sequence.

An organic EL device can be classified into two types, i.e.
a fluorescent device and a phosphorescent device according
to its emission principle. In a fluorescent organic EL device,
emission derived from singlet excitons is used, and in a
phosphorescent organic ELL device, emission derived from
triplet excitons is used. It is known that, in a phosphorescent
device, in order to prevent diffusion of triplet excitons which
have a longer exciton life than singlet excitons to the outside
of an emitting layer, a material having a high triplet energy
is used in a layer which is adjacent to the interface on the
cathode side of the emitting layer, whereby a high efficiency
is attained.

Patent Document 1 discloses a technology in which a
blocking layer comprising BCP (bathocuproine), which is a
phenanthroline derivative, is provided in adjacent to an
emitting layer, whereby efficiency is increased by confining
triplet excitons. Further, in Patent Document 2, in order to
increase efficiency and prolong the lifetime, a specific aro-
matic ring compound is used in a hole-barrier layer.

On the other hand, in a fluorescent organic EL device,
emission derived from triplet excitons has recently been
reported (for example, Non-Patent Documents 1 and 2,
Patent Document 3).

RELATED ART DOCUMENTS
Patent Documents
Patent Document 1: JP-T-2002-525808
Patent Document 2: U.S. Pat. No. 7,018,723
Patent Document 3: JP-A-2004-214180
Non-Patent Documents
Non-Patent Document 1: Journal of Applied Physics, 102,
114504 (2007)

Non-Patent Document 2: SID2008 DIGEST, 709 (2008)

SUMMARY OF THE INVENTION

An object of the invention is to provide a novel oxygen-
containing fused ring derivative which enables highly effi-
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cient emission of an organic EL device by preventing an
increase in an applied voltage and utilizing a TTF (Triplet-
Triplet Fusion) phenomenon.

An object of the invention is to provide a material for a
blocking layer which is optimum for promoting a TTF
phenomenon.

According to the invention, the following oxygen-con-
taining fused ring derivative or the like are provided.

1. An oxygen-containing fused ring derivative represented
by the following formula (1):

M
(Arp—tL—HAD,

wherein Ar, is an m-valent fused ring group in which four
or more rings comprising one or more rings selected from a
furan ring and a pyran ring are fused;

HAr is any of the nitrogen-containing heterocyclic group
represented by the following formulas (2) to (5);

n and m are independently an integer of 1 to 5, and at least
one of n and m is 1; and

L is a single bond, a substituted or unsubstituted n+1
valent aryl group having 6 to 30 carbon atoms that form a
ring (hereinafter referred to as “ring carbon atoms™), a
substituted or unsubstituted n+1 valent heterocyclic group 5
to 30 atoms that form a ring (hereinafter referred to as “ring
atoms”) or an n+1 valent group obtained by combining,
through a single bond, two or three selected from a substi-
tuted or unsubstituted aryl group having 6 to 30 ring carbon
atoms and a substituted or unsubstituted heterocyclic group
having 5 to 30 ring atoms:

@
Ry
\
N X§X
R12_<\ I |
X
N <Z
(©)]
N S
Y Xy
Ry |
4§/N\ %Y
Y
Ry»
()]
Rs3 Rss
Rso
Rag

®)

wherein R,, R,, R;;, R,,, Ry, to R, and R, to R are
independently a hydrogen atom, a halogen atom, a substi-
tuted or unsubstituted alkyl group having 1 to 10 carbon
atoms, a substituted or unsubstituted cycloalkyl group hav-
ing 3 to 8 ring carbon atoms, a substituted silyl group having
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3 to 30 carbon atoms, a cyano group, a substituted or
unsubstituted alkoxy group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 20
ring carbon atoms, a substituted or unsubstituted alkylthio
group having 1 to 20 carbon atoms, a substituted or unsub-
stituted arylthio group having 6 to 30 carbon atoms, a
substituted or unsubstituted arylamino group having 6 to 30
carbon atoms, a substituted or unsubstituted mono- or
dialkylamino group having 1 to 20 carbon atoms, a substi-
tuted or unsubstituted aryl group having 6 to 30 ring carbon
atoms or a substituted or unsubstituted heterocyclic group
having 5 to 30 ring atoms;

any one of R;, to R;5 and any one of R; to R, is a single
bond which bonds two pyridine rings in the formula (4);

X is selected from N or CR | 5, and R ; is a hydrogen atom,
a halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
heterocylic group having 5 to 30 ring atoms;

when plural R, ;s are present, the R, ;s may be the same
or different;

Y is selected from N or CR,;, and R, is a hydrogen atom,
a halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms;

when plural R,;s are present, the R,;s may be the same
or different;

Z is a cross-linking group, which is a substituted or
unsubstituted alkylene group or a substituted or unsubsti-
tuted alkenylene group; and

any one of R;; to Ry;, any one of R, to R,;, any one of
R;, to R,, and any one of R, to R, is a single bond which
bonds to L.

2. The oxygen-containing fused ring derivative according to
1, wherein Ar, is represented by the following formula (6):

)

Rs3
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wherein Ry, to Ry are independently a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms, or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms;

at least one pair of R, and Rs,, Ry, and R55, Ry and Ry,
Rs, and R, Rss and Ry, Ry and R, or Ry, and R, is

bonded with each other to form a ring in the form repre-
sented by the following formula (7) or (8);

M
Re1

(0] Re

Re3

Rey
®
Res

N Res

7 Re7

Res

wherein Ry, to R, are independently a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms;

any “m” of Ry, to Ry is (or are) a single bond which
bonds to L.

3. The oxygen-containing fused ring derivative according to
1 or 2 wherein Ar, is a fused ring group represented by the
following formula (9) or (10):
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Rag Rsg
10)
Rs2
Rg)
O Res

O

Rgy

Rss Rg7

wherein R, to R, are independently a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms;

any “m” of R,; to Ry, and any “m” of Ry, to Ry, are a
single bond which bonds to L.

4. The oxygen-containing fused ring derivative according to
1 or 2, wherein Ar, is a fused ring group represented by the
following formula (11), (12), (13) or (14):

an

Rg)
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6

-continued

12)

13)

(14)

wherein Ry, to R, 5, are independently a hydrogen atoms, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms; and

[T L)

any “m” of Ry, to R, o, any “m” of R, to R, any “m
ofR;;; to R, and any “m” of R |,, to R, 5, are a single bond
which bonds to L.

5. The oxygen-containing fused ring derivative according to
1, wherein Ar, is a fused ring group represented by the
following formula (15):
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s
Ry Rizg
Rizi o) O Riss
S
Rz Ry Rys  Ruse

wherein R 5, to R, are independently a hydrogen atoms, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms; and

any “m” of Ry, to R, is (or are) a single bond which
bonds to L.
6. The oxygen-containing fused ring derivative according to
any of 1 to 5, wherein m is 1 and n is 1.
7. The oxygen-containing fused ring derivative according to
any of 1 to 6, which is a material for an organic electrolu-
minescence device.
8. The oxygen-containing fused ring derivative according to
7, wherein the material for an organic electroluminescence
device is a material for a blocking layer.
9. An organic electroluminescence device comprising an
anode, an emitting layer, a blocking layer and a cathode in
this sequence,

the blocking layer comprising the oxygen-containing
fused ring derivative according to any of 1 to 6.
10. The organic electroluminescence device according to 9,
which has an electron-injecting layer and/or an electron-
transporting layer between the blocking layer and the cath-
ode and at least one layer of the electron-injecting layer and
the electron-transporting layer comprises a hetero ring-
containing derivative.
11. The organic electroluminescence device according to 10
wherein the electron-injecting layer and/or the electron-
transporting layer comprise(s) an electron-donating dopant.
12. The organic electroluminescence device according to 11,
wherein the electron-donating dopant is one or two or more
selected from an alkali metal, an alkaline-earth metal, a rare
earth metal and an oxide of an alkali metal, a halide of an
alkali metal, an oxide of an alkaline-earth metal, a halide of
an alkaline-earth metal, an oxide of a rare earth metal, a
halide of a rare earth metal, an organic complex of an alkali
metal, an organic complex of an alkaline-earth metal and an
organic complex of a rare earth metal.
13. The organic electroluminescence device according to
any of 9 to 12, wherein the emitting layer comprises an
anthracene derivative represented by the following formula

(16):
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16)
Raos Rao1
Rao7 O Rooz
Arpp O Aryy
Raos O Roos
Raos Rao4

wherein Ar;; and Ar,, are independently a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms or
a substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms;

R,q; t0 R,z are independently a hydrogen atom, a fluo-

rine atom, a substituted or unsubstituted alkyl group having
1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 10 ring carbon atoms, a
substituted or unsubstituted alkylsilyl group having 3 to 30
carbon atoms, a substituted or unsubstituted arylsilyl group
having 8 to 30 ring carbon atoms, a substituted or unsub-
stituted alkoxy group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 20
ring carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms or a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms.
14. The organic electroluminescence device according to 13,
wherein the emitting layer comprising the anthracene
derivative represented by the formula (16) is in contact with
the blocking layer comprising the oxygen-containing fused
ring derivative.
15. The organic electroluminescence device according to
any of 9 to 14, wherein the emitting layer comprises a
fluorescent dopant having a main peak wavelength of 500
nm or less.

According to the invention, it is possible to provide a
novel oxygen-containing fused ring derivative which
enables highly efficient emission of a organic EL. device by
preventing an increase in an applied voltage and by utilizing
a TTF (Triplet-Triplet Fusion) phenomenon.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing one example of the first
embodiment of the invention;

FIG. 2A is a view showing the relationship of the energy
gap of each layer of the invention;

FIG. 2B is a view showing the action based on the
relationship of the energy gap of each layer of the invention;

FIG. 3 is a view showing the method for measuring a
transitional EL. waveform; and

FIG. 4 is a view showing the method for measuring the
ratio of the intensity of emission derived from TTF.

MODE FOR CARRYING OUT THE INVENTION

The oxygen-containing fused ring derivative of the inven-
tion is represented by the following formula (1):

M
(Arpyt L—HAn,
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wherein Ar, is an m-valent fused ring group in which four
or more rings comprising one or more rings selected from a
furan ring and a pyran ring are fused;

HAr is any of the nitrogen-containing heterocyclic group
represented by the following formulas (2) to (5);

n and m are independently an integer of 1 to 5, and at least
one of n and m is 1; and

L is a single bond, a substituted or unsubstituted n+1
valent aryl group having 6 to 30 carbon atoms that form a
ring (hereinafter referred to as the “ring carbon atoms™), a
substituted or unsubstituted n+1 valent heterocyclic group 5
to 30 atoms that form a ring (hereinafter referred to as the
“ring atoms™) or an n+1 valent group obtained by combin-
ing, through a single bond, two or three selected from a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms and a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms:

R, @
N X%X
R12_< | |
\N:[)(éx

©)
N\ Y%Y

Q)

®

wherein R, |, R;,, R5;, R5,, Ry, to R, and R, to R are
independently a hydrogen atom, a halogen atom, a substi-
tuted or unsubstituted alkyl group having 1 to 10 carbon
atoms, a substituted or unsubstituted cycloalkyl group hav-
ing 3 to 8 ring carbon atoms, a substituted silyl group having
3 to 30 carbon atoms, a cyano group, a substituted or
unsubstituted alkoxy group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 20
ring carbon atoms, a substituted or unsubstituted alkylthio
group having 1 to 20 carbon atoms, a substituted or unsub-
stituted arylthio group having 6 to 30 carbon atoms, a
substituted or unsubstituted arylamino group having 6 to 30
carbon atoms, a substituted or unsubstituted mono- or
dialkylamino group having 1 to 20 carbon atoms, a substi-
tuted or unsubstituted aryl group having 6 to 30 ring carbon
atoms or a substituted or unsubstituted heterocyclic group
having 5 to 30 ring atoms;

any one of R;, to R;5 and any one of R; to R, is a single
bond which bonds two pyridine rings in the formula (4);
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X is selected from N or CR, 5, and R, ; is a hydrogen atom,
a halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
heterocylic group having 5 to 30 ring atoms;

when plural R, ;s are present, the R, ;s may be the same
or different;

Y is selected from N or CR,;, and R, is a hydrogen atom,
a halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms;

when plural R, ;s are present, the R,;s may be the same
or different;

Z is a cross-linking group, which is a substituted or
unsubstituted alkylene group or a substituted or unsubsti-
tuted alkenylene group; and

any one of R, to R, any one of R,; to R,;, any one of
R;, to R,, and any one of R,; to R, is a single bond which
bonds to L.

The HAr represented by the formula (2) is preferably any
of the following nitrogen-containing heterocyclic groups.

-1
Rage
Ron
\N Rois
Rapp _<\
N Royg
Rois
(2-2)
Ry
\N N\ Raos
Rox _<\ |
/
N Rox
Roas
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(2-3)
Rass
Rz
\
N x N
Roz2 _<\ |
/
N Rozq
Roz3
(2-4)
Ross
Roa
\N AN Rogs
Roar _<\ |
N N
Roy3
(2-5)
Ross
Ros)
\N AN Rosq
Ros2 _<\ |
=
N N Ross
(2-6)
Rasy
\N N\ Raes
R262—<\ | Y
N 2N
Rags
2-7
Rozy
Ro7y
\
N _ N
Q] R
=
N N Ro7s
(2-8)
RZSI
Rogs
R282_<\ I I
Ross
2-9)
Rags
Rag;
\
N x N
R292_<\ | |
N N
Rz

wherein R,;; t0 Ry16, Ry 10 Ryss, Rosy to Ross, Ryyy to
Rouss Rosy 10 Ryss, Rogy 10 Rygy, Royy to Rygy, Rog) 10 Ry,
and R,y to R,,, are independently a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
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group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms, or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms.

In each heterocyclic group, any one of R,;; to Ry;¢, Ry
10 Ryss: Roz; 10 Rass, Rogy 10 Rogs, Rosy 10 Ryss, Rygy 0
Rogas Ropp 10 Ryoy, Rogg 10 Rygy, and Ry, to R, 15 a single
bond which bonds to L.

The HAr represented by the formula (3) is preferably any
of the following nitrogen-containing heterocylic groups.

G-

Rs6
Rs)
Rsis
ni
Rspz
— 7
N R34
Rsi3
(3-2)
Razs
Ray
R34
2
Rs» J\
= P
N N Rz
(3-3)
Rsss
Razy
Raza
/NS
R332
N/ /N
Ra33
(3-4)
Rays
Raag
J N =y
R34z
e~ /
N Raaq
R343
(3-5)
Rasy
N Rsss
/NS
Rssn
— Z
N Risa
Rsss
(3-6)
R354
Rae1
Rm;g)\ )\
Rse3

wherein R;,; to Ry 4, Rs5; 10 Ryss, Ry5; to Ry55, Ry, to
Ri.s, Rys; to Ryss, and Ry to Rye, are independently a
hydrogen atom, a halogen atom, a substituted or unsubsti-
tuted alkyl group having 1 to 10 carbon atoms, a substituted
or unsubstituted cycloalkyl group having 3 to 8 ring carbon
atoms, a substituted silyl group having 3 to 30 carbon atoms,
a cyano group, a substituted or unsubstituted alkoxy group
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having 1 to 20 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 20 ring carbon atoms, a substi-
tuted or unsubstituted alkylthio group having 1 to 20 carbon
atoms, a substituted or unsubstituted arylthio group having
6 to 30 carbon atoms, a substituted or unsubstituted ary-
lamino group having 6 to 30 carbon atoms, a substituted or
unsubstituted mono- or dialkylamino group having 1 to 20
carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, or a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms.
In each heterocyclic group, any one of R, to Ry, 4, R, to
Raze: Rsz1 10 Raze, Rasay 10 Ryse, Rysy 10 Ryss, and Ry, 1o
R4, 1s a single bond which bonds to L.

The HAr represented by the formula (4) is preferably any
of the following nitrogen-containing heterocyclic groups.

@D

(4-2)
4-3)
(4-4)
4-5)
Rysy  Rasi Riss  Rysr
Ryss / \ N
—/ \_¢
Rysq Ryss  Rass
(4-6)
Ry Rasl Riss  Ryg
N/ \ N
_/ \ 7/
Ress  Rug Ry Rass

wherein Ry;; 10 Rypg. Rypp 10 Rapg, Razy 10 Ryzg, Rygy to
Ruas, Rus; 10 Ryse, and Ryg, to R, are independently a
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hydrogen atom, a halogen atom, a substituted or unsubsti-
tuted alkyl group having 1 to 10 carbon atoms, a substituted
or unsubstituted cycloalkyl group having 3 to 8 ring carbon
atoms, a substituted silyl group having 3 to 30 carbon atoms,
a cyano group, a substituted or unsubstituted alkoxy group
having 1 to 20 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 20 ring carbon atoms, a substi-
tuted or unsubstituted alkylthio group having 1 to 20 carbon
atoms, a substituted or unsubstituted arylthio group having
6 to 30 carbon atoms, a substituted or unsubstituted ary-
lamino group having 6 to 30 carbon atoms, a substituted or
unsubstituted mono- or dialkylamino group having 1 to 20
carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, or a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms.
In each heterocyclic group, any one of R,;; t0 R,; 5, Ru,; t0
Rips Ruzy 10 Ryza, Ryyy 10 Ry, Rysy 10 Ryse, and Ry, to
R,¢5 1s a single bond which bonds to L.

The HAr represented by the formula (4) is preferably a
structure represented by the formula (4-1). In the structure
represented by the formula (4-1), the nitrogen atoms in the
two pyridine rings are close to each other. When a material
having such a structure is co-deposited with an electron-
donating dopant having a metal ion represented by Li, Na or
the like, in the two nitrogen atoms in the pyridine structure
represented by the formula (4-1), a chelate structure in
which coordination occurs in a metal atom or a metal ion can
be formed. It can be considered that, as a result, the
reactivity with the above-mentioned electron-donating dop-
ant is increased, whereby effects of the electron-donating
dopant can be obtained more effectively.

The HAr represented by the formula (5) is preferably any
of the following nitrogen-containing heterocyclic groups.

G-1

(¢-2)

wherein Ry, to R4 Rs, to Rs,g and R'; to R, are
independently a hydrogen atom, a halogen atom, a substi-
tuted or unsubstituted alkyl group having 1 to 10 carbon
atoms, a substituted or unsubstituted cycloalkyl group hav-
ing 3 to 8 ring carbon atoms, a substituted silyl group having
3 to 30 carbon atoms, a cyano group, a substituted or
unsubstituted alkoxy group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 20
ring carbon atoms, a substituted or unsubstituted alkylthio
group having 1 to 20 carbon atoms, a substituted or unsub-
stituted arylthio group having 6 to 30 carbon atoms, a
substituted or unsubstituted arylamino group having 6 to 30
carbon atoms, a substituted or unsubstituted mono- or
dialkylamino group having 1 to 20 carbon atoms, a substi-
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tuted or unsubstituted aryl group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heterocyclic group
having 5 to 30 ring atoms. In each heterocyclic group, any
one of Rs bonds to L as a single bond. R’s are independently
a hydrogen atom, a halogen atom, a substituted or unsub-
stituted alkyl group having 1 to 10 carbon atoms, a substi-
tuted or unsubstituted cycloalkyl group having 3 to 8 ring
carbon atoms, a substituted silyl group having 3 to 30 carbon
atoms, a cyano group, a substituted or unsubstituted alkoxy
group having 1 to 20 carbon atoms, a substituted or unsub-
stituted aryloxy group having 6 to 20 ring carbon atoms, a
substituted or unsubstituted alkylthio group having 1 to 20
carbon atoms, an amino group, a substituted or unsubstituted
mono- or dialkylamino group having 1 to 20 carbon atoms,
a substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms.

As for the fused ring group represented by Ar, in which
four or more rings comprising one or more rings selected
from a furan ring and a pyran ring (hereinafter often referred
to as the “oxygen-containing ring”) are fused, the “fused
ring group in which four or more rings are fused” means a
fused ring group having one or more rings selected from a
furan ring and a pyran ring, and a ring selected from a
substituted or unsubstituted benzene ring, a substituted or
unsubstituted pyridine ring, a substituted or unsubstituted
pyrimidine ring, a substituted or unsubstituted pyrazine ring
and a substituted or unsubstituted pyridazine ring is fused to
the structure containing the oxygen-containing ring,
whereby 4 or more rings are fused in total.

Ar, is preferably a fused ring group having one or more
rings selected from a furan ring and a pyran ring, and a
benzene ring is fused to the structure containing the oxygen-
containing ring, whereby 4 or more rings are fused in total.
Particularly preferably, Ar, is a fused ring group having one
or two rings selected from a furan ring and a pyran ring, and
a benzene ring is fused to the structure containing the
oxygen-containing ring, whereby 4 or more rings are fused
in total.

In this specification, the “fused ring” is a polycyclic ring
in which adjacent rings share two atoms.

The ring structure formed by fusing of 4 or more rings of
Ar, has a high flatness. It is thought that when an organic EL,
material has a structure having a high flatness, the degree of
overlapping of molecules becomes large, and as a result, the
distance between the molecules is reduced to increase the
charge transporting property, whereby a low-voltage driving
of a device is realized.

Further, the fused ring structure having the oxygen-
containing ring has a large triplet energy. Since the com-
pound having this fused ring having the oxygen-containing
ring has a large triplet energy, when used as a material for
a blocking layer which is in contact with an emitting layer
of an organic EL device, a TTF phenomenon can be pro-
moted. In this respect, it is more preferred that the oxygen-
containing fused ring structure of Ar, be one which does not
include an anthracene structure in which three benzene rings
are linearly fused as a partial structure.

For example, if Ar, is a fused ring group in which four or
more rings including one or more furan rings are fused, the

following fused ring groups can be given.

O

T (3
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-continued

wherein Ar are independently a substituted or unsubstituted
benzene ring, a substituted or unsubstituted pyridine ring, a
substituted or unsubstituted pyrimidine ring, a substituted or
unsubstituted pyrazine ring or a substituted or unsubstituted
pyridazine ring. Each of these rings forms a fused ring with
an adjacent ring. Further, these fused rings may form a fused
ring structure with a benzene ring, a pyridine ring, a pyrimi-
dine ring, a pyrazine ring or a pyridazine ring.

The fused ring group having the above-mentioned furan
ring is preferably a fused ring group represented by the
following formula (6), more preferably a fused ring group
represented by any of the following formulas (9) to (10)
having one furan ring or a fused ring group represented by
any of the following formulas (11) to (14) having two furan
rings.

©)

Rs3

wherein Ry, to Ry are independently a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms, or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms;

at least one pair of R, and Rs,, Ry, and R55, Ry and Ry,
Rs, and Rss, Rss and Ryg, Rsg and Ry, and Ry, and Rsg is

bonded with each other to form a ring in the form repre-
sented by the following formula (7) or (8);
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///() Re2

Res

()]
Res

SN Res

7 Re7

Res

wherein Ry, to Ry are independently a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms;

any “m” of R4, to Rgg is (or are) a single bond which
bonds to L.
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-continued
10)

Rsz

Rg)
Res
O
Rea
Rss Rg7

wherein R, to R, are independently a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms;

any “m” of R, to Ry, and any “m” of Ry, to Ry are a
single bond which bonds to L.

(n

12)

13)
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-continued

(14)

wherein Ry, to R, 5, are independently a hydrogen atoms, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted mono- or dialkylamino group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms; and

any “m” of Ry to R, any “m” of R, to R, any “m”
ofR;;; to R, and any “m” of R ,, to R, 5, are a single bond
which bonds to L.

In the above-mentioned fused ring group having a furan
ring, it is particularly preferred that it be a fused ring group
represented by any of the following formulas (11) to (14)
having two furan rings. It is considered that the compound
of the invention having these fused rings has a larger triplet
energy, and hence, it has a higher capability of confining
triplet excitons. This works advantageously to allow a TTF
phenomenon, which is mentioned later, to occur more effec-
tively, and becomes one factor to increase the luminous
efficiency of an organic EL device.

When Ar, is a fused ring group in which four or more
rings having one or more pyran rings are fused, the follow-
ing fused ring groups can be given.

(0]
O
o W

wherein Ars are independently a substituted or unsubstituted
benzene ring, a substituted or unsubstituted pyridine ring, a
substituted or unsubstituted pyrimidine ring, a substituted or
unsubstituted pyrazine ring or a substituted or unsubstituted
pyridazine ring, and each of them forms a fused ring with
adjacent rings. Further, these fused rings may form a fused
ring structure with a benzene ring, a pyridine ring, a pyrimi-
dine ring, a pyrazine ring or a pyridazine ring.

The above-mentioned fused ring group having a pyran
ring is preferably a fused ring group represented by the
following formula (15).
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1s)
Ryao Rizg
Rizi o) O Rizs
et
Rz Rz Rys  Ruse

wherein R 5, to R, 4, are independently a hydrogen atoms, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 8 ring carbon atoms, a substi-
tuted silyl group having 3 to 30 carbon atoms, a cyano
group, a substituted or unsubstituted alkoxy group having 1
to 20 carbon atoms, a substituted or unsubstituted aryloxy
group having 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon atoms,
an amino group, a substituted or unsubstituted mono- or
dialkylamino group having 1 to 20 carbon atoms, a substi-
tuted or unsubstituted aryl group having 6 to 30 ring carbon
atoms or a substituted or unsubstituted heterocyclic group
having 5 to 30 ring atoms; and

any “m” of R ;; to R, is (or are) a single bond which
bonds to L.

In the formula (1), when n is 2 or more, plural Ar;s may
be the same or different. Similarly, when m is 2 or more,
plural (L-HAr)s may be the same or different. When m is 2
or more, plural Ls and plural HArs may be the same or
different.

m and n in the formula (1) preferably satisfies m=n=1.

Hereinbelow, an explanation will be made on each sub-
stituent of the oxygen-containing fused ring derivative of the
invention.

As the aryl group having 6 to 30 ring carbon atoms of R, |,
Rz Rops Rony Ryy 10 Ryg, Ry 10 Ry, Ry 10 R, Ry 10 Ry,
R7; 10 Rop, Roy 10 Ryz05 Ryzp 10 Rygos Royp 10 Ry, Ry 0
Roass Rozp 10 Rpzs, Ry 10 Ryysy Rysy 10 Ross, Rogy 10 Ry,
Ry71 10 Ryzu, Rogy 10 Rogus Ryop 10 Rooys Rapy 10 Ry Ragy
0 Riss: Ras; 10 Rass, Rsgy 10 Rays, Rasy 10 Ryss, Rsqy to
Rieas Rap1 10 Ryps Rz 10 Rypg, Rysy 10 Ruzgy Rasy 10 Rysss
Ras1 10 Ryss, Rusy 10 Ryes, Rspy 10 Rsp6, Rsy 10 Rs6, and Ry
to R',, a phenyl group, a naphthyl group, a phenanthryl
group, a biphenyl group, a terphenyl group, a chrysenyl
group, a benzophenanthryl group, a benzanthryl group, a
benzochrysenyl group, a fluorenyl group, a fluoranthenyl
group, a pyrenyl group, a benzofluoranthenyl group, a
triphenylenyl group or the like can be given. The aryl group
has preferably 6 to 20 ring carbon atoms, with 6 to 14 ring
carbon atoms being particularly preferable.

As the heterocyclic group having 5 to 30 ring atoms of
Ryps Rysy Rpps Rop. Ry 10 Rygy Ryy 10 Ryg, Ry 10 Ry, Ry
0 Rga, Ryy 10 Rop, Roy 10 Ryz0. Ryay 10 Ryso, Ry to Ry,
Rysp 10 Ryss, Rasy 10 Ryss, Ry 10 Rouss Rosy 10 Ross, Rogy
10 Ryeq: Ra7y 10 Ryzus Rogy 10 Rogyy Rpgy 10 Ryous Ryyy o
Rii6 Raz1 10 Rass, Rz 10 Rass, Ragy 10 Rays, Rasy 10 Ryss,
Rig1 10 Rygay Rapy 10 Ryyg Rypy 10 Rypg, Rysy 10 Rysg, Ry
10 Rass Rusy 10 Ryss, Rugy 10 Rygs, Rspy 1o Rsyq, Ry t0
Rs,6, and R, to R',, a pyridinyl group, a pyrazinyl group, a
pyrimidyl group, a pyridazinyl group, a triazinyl group, an
indolyl group, a quinolynyl group, an acrydinyl group, a
pyrrolidinyl group, a dioxanyl group, a piperidinyl group, a
morpholyl group, a piperazinyl group, a carbazolyl group, a
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furanyl group, a thiophenyl group, an oxazolyl group, an
oxadiazolyl group, a benzoxazolyl group, a thiozolyl group,
a thiadiazolyl group, a benzothiazolyl group, a triazolyl
group, an imidazolyl group, a benzoimidazolyl group, an
imidazopyridyl group, a benzofuranyl group, a dibenzofura-
nyl group, a dibenzothiophenyl group, a pyrrolyl group, an
indazolyl group or the like can be given. The heterocyclic
group preferably has 5 to 20, particularly preferably 5 to 14
ring atoms.

As the alkyl group having 1 to 10 carbon atoms of R,
Rya: Rops Rony Ryy 10 Ryg, Ry 10 Ryg, Ry 10 R, Ry 10 R,
R7; 10 Rog, Roy 10 Ryz0s Ryzy 10 Rysos Ropp 10 Ry, Ry 0
Rj25, Raap 10 Raas, Rouy 10 Roys, Rosy 10 Ross, Rogy 10 Rogas
Ry71 10 Rogs Rogy 10 Rogu Rog) 10 Rpgy, Ry to Ry, Ry
0 Rsss: Rasp 10 Rass, Rsuy 10 Rays, Rasy 10 Rsss, Rsqy to
Ri64: Rap1 10 Rys, Runy 10 Rypgs Rasy 10 Ruzgy Rusy 10 Roysss
Rys) 10 Ryse Rygy 10 Rygs, Ry 0R5 6. Rss) to R0, and Ry
to R',, an ethyl group, a methyl group, an i-propyl group, an
n-propyl group, an s-butyl group, a t-butyl group, a pentyl
group, a hexyl group or the like can be given. The alkyl
group has preferably 1 to 8, particularly preferably 1 to 6
carbon atoms.

As the cycloalkyl group having 3 to 8 carbon atoms of
Ry Ryp Rops Rysy Ry 10 Ryp, Ryp 10 Ryg Ry t0 Rsgy Ry
to Rgs, Ryy 10 Rgp, Roy 10 Ryz0. Ryzp 10 Rysp, Rypy 10 Ry,
Ry21 10 Rass, Rasy 10 Ryss, Ry 10 Rous, Rosy 10 Rossy Ry
0 Ryesy Rygy 10 Ryryy Rogy 10 Ropgyy Rogy 10 Ry Ry o
Ri1e Razi 10 Rans, Rz 10 Rass, Ragy 10 Raus, Rasy 10 Rsss,
Rig1 10 Rygs, Rypy 10 Rypgy Rypy 10 Rypgy Rygy 10 Rz, Ry
10 Rass Rusy 10 Rusg, Rusr 10 Rygs, Rsyy 10 Rsy, Ry t0
Rs,6, and R', to R',, a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, a 4-meth-
ylcyclohexyl group or the like can be given. The cycloalkyl
group has preferably 3 to 6 carbon atoms.

The substituted silyl group having 3 to 30 carbon atoms
of Ry 1. Ryp. Ry Rosy Ry 10 Ry, Ryp 10 Ryg, Rsy 10 R, Ry
0 Rgas Ryy 10 Rgp, Roy 10 Ryz0. Ryzp 10 Rysp, Rypy t0 Ry,
Ry21 10 Rass, Rasy 10 Ryss, Ry 10 Rous, Rosy 10 Rossy Ry
10 Rygqs Ry7y 10 Rozus Rogy 10 Rogus Rogy 10 Ryou Ryyy 10
Ri1e Razi 10 Rans, Rz 10 Rass, Ragy 10 Raus, Rasy 10 Rsss,
Rig1 10 Rygyy Rypy 10 Ryyg Rypy 10 Rypg, Rysy 10 Rysg, Ry
10 Ryqg Rusy 10 Rysg Ragy 10 Ryga, Rspy 10 Rs 6, Rsop 10 Rs o6
and R', to R', includes an alkylsilyl group having 3 to 30
carbon atoms and an arylsilyl group having 8 to 30 ring
carbon atoms.

As the alkylsilyl group having 3 to 30 carbon atoms, a
trimethylsilyl group, a triethylsilyl group, a t-butyldimeth-
ylsilyl group, a vinyldimethylsilyl group, a propyldimeth-
ylsilyl group or the like can be given. The alkylsilyl group
preferably has 3 to 20 carbon atoms, more preferably 3 to 10
carbon atoms, with 3 to 6 carbon atoms being particularly
preferable.

As the arylsilyl group having 8 to 30 ring carbon atoms,
a triphenylsilyl group, a phenydimethylsilyl group, a t-bu-
tyldiphenylsilyl group, a tritolylsilyl group, a trixylylsilyl
group, a trinaphthylsilyl group or the like can be given. The
arylsilyl group preferably has 8 to 20 ring carbon atoms,
with 8 to 18 ring carbon atoms being particularly preferable.

The alkoxy group having 1 to 20 carbon atoms of R,;,
Ry2: Rops Rooy Ryy 10 Ryg, Ry 10 Ryg, Rsy 10 R, Ry 10 R,
R7; 10 Rog, Roy 10 Ryz0s Ryzyp 10 Rysos Ropp 10 Ry, Ry 0
Rjass Rozp 10 Ryss, Rogy 10 Ry s, Rysy 10 Ross, Rogy 10 Ry,
Ry71 10 Ry7s, Rogy 10 Rogus Roop 10 Rooys Rspy 10 Ryp6 Ragy
0 Rsss: Ras;p 10 Rass, Rsuy 10 Rays, Rasy 10 Ryss, Rsgy to
Ri64: Rap1 10 Ryys Runy 10 Rypgs Rysy 10 Ruzgy Rusy 10 Rysss
Ras1 10 Ryss. Rugy 10 Russ, Ry 10 Rsp6, Rsoy 10 Rs6. and Ry
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to R, is a group represented by —OY. Examples of Y
include the same groups as those exemplified above regard-
ing the alkyl group.

The aryloxy group having 6 to 20 ring carbon atoms of
Ryi, Ry Rops Rysy Ray 10 Ryps Ry 10 Ryg, Ry 10 Rsgy Ry
10 Rga, Ryy 10 Rgp, Roy 10 Ryz0. Ryay 10 Ryso, Rypy to Ry,
Ryz1 10 Ryps Rozy 10 Roasy Royy 10 Ryyss Rosy 10 Ross, Rogy
10 Ryeq: Ra7y 10 Ryzus Rogy 10 Rogyy Rpgy 10 Ryous Ryyy o
Ri16r Rapp 10 Ryns, Razy 10 Ryss, Ry 10 Roys, Rysy 10 Ryss,
Ri61 10 364, Ryyy 10 Ryyg, Rupy 10 Rypg, Rysy 10 Ryzes Rayy to
Raus Rasy 10 Rusg, Ragsr 10 Ryge, Rsyy 10 Rsp6, Rssy 10 Ry,
and R'; to R', is a group represented by —OAr. Examples of
Ar are the same as those exemplified above regarding the
aryl group. The aryloxy group has preferably 6 to 16 ring
carbon atoms, with 6 to 12 ring carbon atoms being par-
ticularly preferable.

The alkylamino group of R;;, R},, R5;, Rys, Ry 10 Ry,
R4 10 Rys, Rs; 10 Rsgy Rep 10 Rggy Ry 10 Rog, Roy 10 Ryz0,
Rys; 10 R0, Ropy 10 Ryp6 Rony 10 Raosy Rozp 10 Roasy Royy
0 Raus: Rosy 10 Ryss, Roygy 10 Ryeus Rygy 10 Rygyy Rygy o
Rogas Rogy 10 Rygy, Ry 10 Ry, Ry 10 Rypg, Ry 10 Ry,
Ri,p 10 Rass, Rasy 10 Rass, Ragy 10 Rygqs Rapy 10 Ruysy Rypy
10 Rygs Razy 10 Ryzgs Ragy 10 Rygg, Rysy 10 Rysg Rygy 10
Rz, Rs11 10 Rsp 6, Rssp 10 Rsy6, and R') to R', is represented
by —NY,Y,. Examples of Y, and Y, include a hydrogen
atom and the above-mentioned examples of the alkyl group.
Y, and Y, may be the same or different.

The arylamino group of R;;, Ry5, R,;, Ry5, Ry, to Ry,
R4 10 Rys, Rs; 10 Rsgy Rep 10 Rggy Ry 10 Rog, Roy 10 Ryz0,
Ry3; 10 Ryggy Roypy 10 Ry 6 Ropy 10 Ryps, Rz 10 Rssy Royy
10 Raus: Rosy 10 Ross, Roygy 10 Ryeus Rygy 10 Rygyy Rogy to
Roa Rao1 10 Roou, R3yy 10 Ryy6, Ryny 10 Ryps, Rysy 10 Ry,
Ra4; 10 Ryys, Rasy 10 Rass, Rygy 10 Ry Rypy 10 Ryjg Ry
10 Ryss Rusy 10 Ryzgs Rugy 10 Rygs, Rusy 10 Rysg, Rygy to
Rugs: Ry 10 Rs 6, Ry, to Ry, and R'; to R, is represented
by —NZ,7,. Examples of Z, and Z, include a hydrogen
atom and those exemplified above referring to the aryl
group. Z, and Z, may be the same or different.

The substituted or unsubstituted alkylthio group having 1
to 20 ring carbon atoms of R;;, R, Ry, Rys, Ry 0 Ry, Ry,
t0 R4s, Rs; 10 Rsg, Re; 10 Reg, Ry 10 Rog, Roy 10 Ry50, Ry
10 R0, Rypp 10 Ry Ropy 10 Rossy Rozy 10 Ryss, Ryyy 10
Ry4s: Rasy 10 Ross, Rosy 10 Roesy Rygy 10 Rygus Rogy 10 Rogas
Ryo; 10 Roous Rayy 10 Rsp6: Rany 10 Ransy Razp 10 Raas, Rayy
10 Rsus: Rssy 10 Rass, Rsgy 10 Ragay Rapy 10 Ruyg, Rypy to
Ruzs: Razr 10 Rusg, Rasy 10 Rygg, Rysy 10 Rises Rygy 10 Rygas
Rsy; o Ry 6 Rs,; to Ry, and R'; to R, is represented by
—SA. A is the above-mentioned alkyl group.

The substituted or unsubstituted arylthio group having 1
to 20 ring carbon atoms of R;;, Ry5, Ry1, R0, Ry to Ry, Ry
t0 R4s, Rs; 10 Rsg, Re; 10 Reg, Ry 10 Rog, Roy 10 Ry50, Ry
10 Ryi40. Ropy 10 Ryj6 Ropy 10 Ross, Rozy 10 Roas, Ryyy to
Ro4s: Rasy 10 Ross, Rosy 10 Rogsy Rygy 10 Rygas Rogy 10 Rogas
Rj01 10 Ryouy Rayy 10 Ryy6 Rypy 10 Ryps, Rz 10 Ryss, Ry
0 Rsus: Rssy 10 Rass, Rsgy 10 Ragay Rapy 1o Ruyg, Rypy to
Ropss Ruzp 10 Ryzgr Ry 10 Ryygy Rysy 10 Rysg, Rygy 10 Ry,
Rs;; 10 Rs6, Rss; 10 Ryyg, and R to R, is represented by
—SB. B is the above-mentioned aryl group.

As the n+m valent aryl group having 6 to 30 ring carbon
atoms of L, a divalent arylene group can be given, for
example. A phenylene group, a naphthylene group, a biphe-
nylene group, a terphenylene group, a pocenylene group, a
pyrenylene group, a fluorenylene group, a chrysenylene
group or the like can be given.

When the valence of L is trivalent or larger, residues
corresponding to the divalent arylene group can be given as
L.
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As the n+m valent heterocyclic group having 5 to 30 ring
atoms of L, if it is a divalent heterocyclic group, for
example, a pyridinylene group, a pyrazinylene group, a
pyrimidinylene group, a pyridazinylene group, a triazi-
nylene group, an indolylene group, a quinolynylene group,
an acrydinylene group, a pyrrolidinylene group, a dioxa-
nylene group, a piperidinylene group, a morpholidinylene
group, a piperazinylene group, a carbazolylene group, a
furanylene group, a thiophenylene group, an oxazolylene
group, an oxadiazolylene group, a benzoxazolylene group, a
thiazolylene group, a thiadiazolylene group, a benzothiaz-
olylene group, a triazolylene group, an imidazolylene group,
a benzimidazolylene group, an imidazopyridinylene group,
a benzofuranylene group, a dibenzofuranylene group, a
dibenzothiophenylene group, a pyrrolyl group, an indazolyl
group or the like can be given.

When the valence of L is trivalent or larger, residues
corresponding to the divalent heterocyclic group can be
given as L.

If the substituent of R, R;5, Ry;, Rys, Ry 10 Ry, Ry 10
R Rsy 10 Rsg, Ry 10 Ry, Ryy 10 Rgg, Ro; 10 Ry, Ry 10
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Ri40, Ra11 10 Ry16, Ropy 10 Rops, Rz 10 Roasy Royy 10 Rous,
Rysy 10 Ross, Rygy 10 Rygy, Ryzy 10 Ry Rogy 10 Ropgyy Rogy
10 Ryoq Rayy 10 Rsp6 Ran 10 Ryss, Razy 10 Raas, Ry to
Riss: Rasy 10 Rass, Rysr 10 Rygq, Ryyy 10 Rypgy Rysy 10 Rings
Rys; 10 Rusg, Rasy 10 Rygs, Rysy 10 Rysg, Rygy 10 Rygss Rsyy
to R56, Rsyy 10 Rsse, Ry to R', and L has a further
substituent, as the substituent, an alkyl group, an alkylsilyl
group, a halogenated alkyl group, an aryl group, a cycloalkyl
group, an alkoxy group, a heterocyclic group, an aralkyl
group, an aryloxy group, an arylthio group, an alkoxycar-
bonyl group, a halogen atom, a hydroxyl group, a nitro
group, a cyano group, a carboxyl group, a dibenzofuranyl
group, a fluorenyl group or the like as mentioned above can
be given.

As for each substituent of the oxygen-containing fused
ring derivative of the invention, the “unsubstituted” means
that a hydrogen atom is substituted. The hydrogen atom of
the oxygen-containing fused ring derivative of the invention
includes protium and deuterium.

Specific examples of the oxygen-containing fused ring
derivative represented by the formula (1) are given below:
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It is preferred that the oxygen-containing fused ring
derivative of the invention be used as a material for an
organic EL device. It is more preferred that it be used as a
material for a blocking layer of an organic EL device.

A compound having a structure represented by the for-
mulas (9) to (15), which is a basic skeleton of the oxygen-
containing fused ring derivative of the invention, has a high
triplet energy and is highly effective for confining triplet
excitons. Therefore, when used as a material for a blocking
layer which is in contact with the emitting layer of an
organic EL device, for example, a TTF phenomenon can be
promoted. Further, the oxygen-containing fused ring struc-
ture which is a basic skeleton of the oxygen-containing
fused ring derivative of the invention has a feature that,
stacking of molecules in the thin film is increased due to its
high flatness, whereby electron-transporting property is
increased. As a result, injection of electrons to the emitting
layer is promoted, efficiency of recombination in the emit-
ting layer are enhanced, whereby a TTF phenomenon can be
effectively caused.

Conventionally, a TTF phenomenon is confirmed in the
case where in the compounds used in the blocking layer, a
part having the lowest triplet energy is a fused ring group of
hydrocarbon. Further, it has been confirmed that, as in the
case of the oxygen-containing fused ring derivative of the
invention in which the heterocyclic part has the lowest
triplet energy, a TTF phenomenon can be effectively
occurred.

Further, since the oxygen-containing fused ring derivative
of the invention contains a nitrogen-containing heterocyclic
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ring having a high injection property of electrons from a
metal-containing layer such as an electrode, it is possible to
realize a low-voltage-driving organic EL device without
further stacking an electron-injecting layer.

A brief explanation will be given below referring to a TTF
phenomenon.

When a voltage is applied to an organic EL device, holes
are injected from an anode, and electrons are injected from
a cathode, and the injected holes and electrons are recom-
bined in an emitting layer to form an exciton. Regarding the
spin state, singlet excitons and triplet excitons are formed in
an amount ratio of 25%:75%. In a fluorescent device which
has conventionally been known, light is emitted when sin-
glet excitons are relaxed to the ground state. The remaining
triplet excitons are returned to the ground state through a
thermal deactivation process without emitting light. Accord-
ing to S. M. Bachilo et al (J. Phys. Cem. A, 104, 7711
(2000)), of 75% triplet excitons initially generated, one fifth
thereof are changed to singlet excitons.

A TTF phenomenon is a phenomenon in which singlet
excitons are generated by the collision and fusion of the
triplet excitons. By utilizing the TTF phenomenon, not only
25% singlet excitons initially generated, but also singlet
excitons which are generated by the collision and fusion of
triplet excitons can be used for emission, whereby luminous
efficiency of a device can be improved.

In order to allow a TTF phenomenon efficiently, it is
required to confine triplet excitons, which have a signifi-
cantly higher exciton life as compares with singlet excitons,
in the emitting layer.
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In the invention, it is preferred that a blocking layer
comprising the oxygen-containing fused ring derivative of
the invention be in adjacent to the emitting layer of a
fluorescent device. In a fluorescent device using singlet
excitons having a short exciton life, a blocking layer which
causes the number of layer-stacking processes to be
increased is not generally used. However, by using a block-
ing layer comprising the oxygen-containing fused ring
derivative of the invention in a fluorescent device, a TTF
phenomenon is generated, whereby a highly effective
organic EL device can be realized. Further, since the oxy-
gen-containing fused ring derivative of the invention has a
high triplet energy, it has a function of a blocking layer even
when used in a conventional phosphorescent device,
whereby diffusion of triplet energy can be prevented.

In the invention, when reference is simply made to a
“blocking layer”, it means a layer of blocking triplet energy,
and has a function different from a hole-blocking layer or a
charge-blocking layer.

It is preferred that the blocking layer comprising the
oxygen-containing fused ring derivative of the invention
have an electron-donating dopant.

The electron-donating dopant is one or two or more
selected from an alkali metal, an alkaline-earth metal, a rare
earth metal and an oxide of an alkali metal, a halide of an
alkali metal, an oxide of an alkaline-earth metal, a halide of
an alkaline-earth metal, an oxide of a rare earth metal, a
halide of a rare earth metal, an organic complex of an alkali
metal, an organic complex of an alkaline-earth metal and an
organic complex of a rare earth metal.

In the emitting layer of the organic EL device of the
invention, rubrene, anthracene, tetracene, pyrene, perylene
or the like can be used. An anthracene derivative is prefer-
able. It is further preferred that an anthracene derivative
represented by the following formula (16) be contained.

(16)

Raos Roo
Rao7 O Roo2
Arpy O Aryy
Raos O Rooz

Raos Roog

wherein Ar,; and Ar,, are independently a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms or
a substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms;

R,q; to R,o¢ are independently a hydrogen atom, a fluo-
rine atom, a substituted or unsubstituted alkyl group having
1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 10 carbon atoms, a substituted
or unsubstituted alkylsilyl group having 3 to 30 carbon
atoms, a substituted or unsubstituted arylsilyl group having
8 to 30 ring carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 20 carbon atoms, a substituted or
unsubstituted aryloxy group having 6 to 20 ring carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms or a substituted or unsubstituted
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heterocyclic group having 5 to 30 ring atoms. The aryl group
and the heterocyclic group of Ar,, and Ar,, the aryl group,
the heterocylic group, the alkyl group, the cycloalkyl group,
the alkylsilyl group, the arylsilyl group, the alkoxy group
and the aryloxy group of R,,; to R,,, are as explained in
paragraphs 0027 to 0033.

It is preferred that the emitting layer comprising the
anthracene derivative represented by the formula (16) be in
contact with the blocking layer comprising the oxygen-
containing fused ring derivative of the invention. When the
emitting layer is in contact with the blocking layer compris-
ing the oxygen-containing fused ring derivative of the
invention, luminous efficiency can be improved by utilizing
a TTF phenomenon.

When a TTF phenomenon is used, the triplet energy of a
compound constituting the blocking layer comprising the
oxygen-containing fused ring derivative of the invention
should be higher than the triplet energy of a host mainly
constituting the emitting layer. It is preferred that the oxy-
gen-containing fused ring derivative of the invention and a
host and a dopant contained in the emitting layer satisfy the
following formulas (1) and (2):

ETh>ETh 1)

ETd>E™h )

wherein EZh, E’d and E”d are a triplet energy of a host
material, the oxygen-containing fused ring derivative of the
blocking layer and the dopant, respectively.

FIG. 1 is a schematic configuration view of an organic EL,
device showing one example of the first embodiment of the
invention. FIG. 2A diagrammatically shows the lowest
excited singlet energy state and the lowest excited triplet
energy state of each layer. In the invention, the triplet energy
means difference between the energy in the lowest excited
triplet state and the energy in the ground state. The singlet
energy (often referred to as the energy gap) means a differ-
ence between the energy in the lowest excited singlet state
and the energy in the ground state. An organic EL. device
shown in FIG. 1 comprises an anode 10, a hole-transporting
region 50, an emitting layer 20, an electron-transporting
region 30 and a cathode 40 in this sequence. It is preferred
that the hole-transporting region 50 be provided between the
anode 10 and the emitting layer 20. In the embodiment
shown in FIG. 2A, a configuration in which the electron-
transporting region is formed only of a blocking layer is
shown. However, the embodiment in which the electron-
transporting region is formed only of the blocking layer does
not prevent insertion of an electron-injecting layer having a
higher injection property. When an electron-injecting layer
is formed, a compound which has conventionally been used
in the electron-injecting layer can be used. A hetero ring-
containing compound is preferable.

In FIG. 2A, holes injected from an anode are then injected
to the emitting layer through the hole-transporting region.
Electrons injected from the cathode are then injected to the
emitting layer through the electron-transporting region.
Thereatfter, holes and electrons are recombined in the emit-
ting layer, whereby singlet excitons and triplet excitons are
generated. There are two manners as for the occurrence of
recombination. Specifically, recombination may occur either
on host molecules or on dopant molecules. In this embodi-
ment, as shown in FIG. 2A, if the triplet energy of a host and
that of a dopant are taken as E”h and E”d, respectively, it is
preferred that the relationship EZh<E”d be satisfied. By
satisfying this relationship, as shown in FIG. 2B, the triplet
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excitons recombined and generated on the host do not
transfer to a dopant having a further high triplet energy.

Further, the triplet excitons recombined and generated on
dopant molecules energy-transterred to the host molecules
rapidly. That is, singlet excitons are generated by a mecha-
nism in which triplet excitons collide on the host efficiently
by a TTF phenomenon without the transfer of the triplet
excitons of the host to the dopant. Further, since the singlet
energy of the dopant E°d is smaller than the singlet energy
of the host E*h, singlet excitons generated by a TTF phe-
nomenon are energy-transferred from the host to the dopant,
thereby contributing to the fluorescence emission of the
dopant. In principal, in the dopant used in a fluorescent
device, transfer from the excited triplet state to the ground
state is prohibited. In such transition, the triplet excitons do
not undergo optical deactivation, and undergo thermal deac-
tivation. However, by allowing the relationship of the triplet
energy of the host and the triplet energy of the dopant to be
as mentioned above, singlet excitons are generated more
efficiently by the collision of the triplet excitons before the
triplet excitons undergo thermal deactivation.

In the electron-transporting region, the blocking layer is
provided in a region which is in adjacent to the emitting
layer. The blocking layer has a function of preventing
diffusion of triplet excitons generated in the emitting layer to
the electron-transporting region, and increasing the density
of the triplet excitons by confining triplet excitons in the
emitting layer, thereby to cause a TTF phenomenon to occur
efficiently.

In order to prevent diffusion of triplet excitons, as shown
in FIGS. 2A and 2B, it is preferred that the triplet energy E”b
of'a compound constituting the blocking layer be larger than
E”h, further E/d. Since the blocking layer has a function of
preventing diffusion of triplet excitons generated in the
emitting layer to the electron-transporting region, triplet
excitons of the host become singlet excitons efficiently in the
emitting layer. The singlet excitons are transferred to the
dopant and undergo optical energy deactivation. The mate-
rial forming the blocking layer is the oxygen-containing
fused ring derivative of the invention.

The blocking layer comprising the oxygen-containing
fused ring derivative of the invention can also have the
electron-injecting and transporting functions. This is
because an unshared electron pair mediates receiving and
transfer of electrons from adjacent layers. Electrons injected
to a material of the blocking layer contribute to injection of
electrons to the emitting layer by moving, through an
electron-transporting structural part, to a part where elec-
trons are donated more easily, i.e. the LUMO level is high.

Between the electron-transporting region and the cathode,
a low-work-function metal layer may be provided. The
low-work-function metal layer is a layer which has a low
work function metal or a low-work-function metal com-
pound. Even formed only of a low-work-function metal or
a low-work-function metal compound, it is possible to add
to a material used for the electron-transporting layer, a low
work function metal, a low-work-function metal compound
or a low-work-function metal complex as a donar. A low
work function metal is a metal having a work function of 3.8
eV or less. As the metal having a low work function of 3.8
eV or less, an alkali metal, an alkaline earth metal or the like
can be given. As the alkali metal, Li, Na, K, Cs or the like
can be given. As the alkaline earth metal, Mg, Ca, Sr, Ba or
the like can be given. As other low-work-function metals,
Yb, Eu, Ce or the like can be given. As the low work
function metal compound, an oxide, a halide, a carbonate
and a borate of a low work function metal are preferable. As
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the halide, a fluoride, a chloride and a bromide can be given.
Of these, a fluoride is preferable. For example, LiF can
preferably be given. A low-work-function metal complex is
a complex of a low-work-function metal, and an organic
metal complex of an alkali metal, an alkaline earth metal or
a rare earth metal is preferable.

Increasing efficiency utilizing a TTF phenomenon is sig-
nificant in a blue fluorescent layer. In a blue fluorescent
device (having a main peak wavelength of 500 nm or less),
which is thought to be most difficult to enhance the luminous
efficiency, by using the compound of the invention as the
material for the blocking layer, a high luminous efficiency
can be obtained.

In a phosphorescent emitting layer, it is possible to obtain
effects of confining triplet energy in the emitting layer. Due
to this confinement, it is possible to prevent diffusion of
triplet energy, thereby contributing to luminous efficiency of
a phosphorescent dopant.

Other elements of the organic EL device of the invention
such as a substrate, an anode, a cathode, a hole-injecting
layer, a hole-transporting layer or the like, known elements
stated in PCT/JP2009/053247, PCT/JP2008/073180, U.S.
patent application Ser. No. 12/376,236, U.S. patent applica-
tion Ser. No. 11/766,281, U.S. patent application Ser. No.
12/280,364 or the like can be appropriately selected and
used.

EXAMPLES
Synthetic Example 1

Synthesis of benzo[b]naphtho[2,1-d]furan-5-boronic
acid

Benzo[b]|naphtho[2,1-d|furan-5-boronic acid was synthe-
sized according to the following scheme described.

0

p-TsOH

—_—
O toluene

= DDQ

—_—
o O 1,4-dioxane
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-continued

O O Br

BuLi, B(OMe);
THF

HCl aq.

(a-1) Synthesis of
7,8,9,10-tetrahydrobenzo[b|naphtho[2,1-d|furan

144 g of 1-naphthol, p-toluenesulfonic acid monohydrate
(190 g), 1,3-cyclohexanediene (80.1 g) and 4 L of toluene
were charged in a flask, and refluxed for 24 hours. The
reaction solution was cooled to room temperature, followed
by washing with 600 mL of water. After dried an organic
phase over magnesium sulfate, the solvent was evaporated
under reduced pressure. The residue was purified by silica
gel column chromatography, whereby 55.5 g of 7,8,9,10-
tetrahydrobenzo[b]naphtho[2,1-d]furan was obtained (yield:
25%).

(a-2) Synthesis of benzo[b]naphtho[2,1-d]|furan

Under an argon atmosphere, 7,8,9,10-tetrahydrobenzo[b]
naphtho[2,1-d]furan (§5.5 g), 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (119 g) and 1 L of 1,4-dioxane anhydrous
were charged in a flask, and refluxed for 12 hours. After
cooled to room temperature, the reaction solution was
extracted with toluene, and the precipitated solids were
collected by filtration. After the filtrate was concentrated in
a rotary evaporator, the residue was purified by silica gel
column chromatography, whereby 32.7 g of benzo[b]naph-
tho[2,1-d]furan was obtained (yield: 60%).

(a-3) Synthesis of
5-bromobenzo| b]naphtho[2,1-d]furan

Benzo[b]naphtho[2,1-d]furan (32.7 g) was dissolved in
300 mL of N,N-dimethylformamide. After addition of a 50
m[ N,N-dimethylformamide solution of N-bromosuccinim-
ide (28.0 g), the reaction solution was stirred at 60° C. for
5 hours. After cooling to room temperature, the reaction
solution was poured into 2 L of water. The solids obtained
were washed with methanol, water and methanol sequen-
tially. The crude product was purified by silica gel column
chromatography, whereby 36.5 g of 5-bromobenzo[b]naph-
tho[2,1-d]furan was obtained (yield: 82%).

(a-4) Synthesis of
benzo[b]naphtho[2,1-d]furan-5-boronic acid

5-bromobenzo[b]naphtho[2,1-d]furan (29.7 g) and 500
ml of tetrahydrofuran (dehydrated) were put into a flask,
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followed by cooling to -78° C. To the solution, n-Bul.i
((1.60M in hexane) 66 ml.) was added, and the resulting
solution was stirred at 0° C. for 2 hours. Next, the solution
was cooled to -78° C. again, followed by addition of
B(OMe); (27.3 g). The resulting solution was stirred at —78°
C. for 10 minutes, and then stirred at room temperature for
5 hours. After completion of the reaction, 1IN HCL aq. (200
ml.) was added and the resulting solution was stirred at room
temperature for 1 hour. Subsequently, the reaction solution
was transferred to a separating funnel and extracted with
ethyl acetate. After drying with MgSQO,, this solution was
evaporated and resulting residue was washed with hexane,
whereby 17.0 g of white solids of benzo[b]naphtho[2,1-d]
furan-5-boronic acid were obtained (yield: 65%).

Synthetic Example 2

Synthesis of
benzofurano|3,2-b]dibenzofuran-6-boronic acid

Benzofurano|3,2-b]dibenzofuran-6-boronic acid was syn-
thesized according to the following synthesis scheme.

o) o)
~ ~ Br
M Me ———»
e \©/ e CHZClz
F
B(OH),
"l NV Pd(PPhy),
¢ ¢ Na,COj3 aq.
DME, toluene
Br Br
o) o)
Me”” SMe BBy
—_—
CH,Cl,
F F
HO oHn
K,COs
B —
NMP
F F
0 0
BuLi,
B(OMe);  HCl aq.
THF ”
B(OH),

O (6]
(b-1) Synthesis of

2,4-dibromo-1,5-dimethoxybenzene

1,3-dimethoxybenzene (53.9 g) was dissolved in 860 mL.
of dichloromethane, and the reaction atmosphere was
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replaced with argon. While cooled on ice, a 150 mL dichlo-
romethane solution of bromine (129.3 g) was dropped for 2
and a half hour and warmed to room temperature gradually
for 3 hours, further followed by stirring for one day. The
reaction solution was cooled on ice, and neutralized with a
10% aqueous sodium hydrate solution. The dichloromethane
phase was separated and collected, the water phase was
extracted with dichloromethane, and the organic phases
were dried over anhydrous sodium sulfate together. After
filtration, the filtrate was concentrated. The residue obtained
was dispersed and washed with hexane. The generated
crystal was filtered out and then dried, whereby 110.5 g of
white crystal of 2,4-dibromo-1,5-dimethoxybenzene was
obtained (yield: 97%).

(b-2) Synthesis of
2,4-bis(2-fluorophenyl)-1,5-dimethoxybenzene

2,4-dibromo-1,5-dimethoxybenzene (88.8 g), 2-fluoro-
phenyl boronic acid (100.74 g), Na,CO; 2M aq. (600 mL),
Pd(PPH,), (6.73 g), 150 mL of 1,2-dimethoxyethane and
150 mL of toluene were charged in a flask, and refluxed for
36 hours. After completion of the reaction, 500 mL of water
and 1 L of toluene were added and the resulting solution was
transferred to a separating funnel, then a toluene phase was
separated and collected. After drying with MgSO,, impurity
at the original point was removed by a silica gel short
column, and the solution was concentrated. The resulting
solution was subjected to recrystallization from a toluene/
hexane mixed solvent, whereby 86.5 g of white solids of
2,4-bis(2-fluorophenyl)-1,5-dimethoxybenzene were
obtained (yield: 88%).

(b-3) Synthesis of
2,4-bis(2-fluorophenyl)-1,5-dihydroxybenzene

2,4-bis(2-fluorophenyl)-1,5-dimethoxybenzene (48.3 g)
and 740 mL of dichloromethane (dehydrated) were put in a
flask and cooled to 0° C. BBr; (89.0 g) was added, and then
the resulting solution was stirred at room temperature for 24
hours. After completion of the reaction, the solution was
cooled to -78° C., and the reaction was deactivated carefully
with methanol, and further deactivated with a sufficient
amount of water. The solution was transferred to a separat-
ing funnel and extracted with dichloromethane. After dried
over MgSO,, impurity at the original point was removed by
a silica gel short column, and the solution was concentrated.
The resulting solution was concentrated, and the obtained
sample was dried in vacuum at 60° C. for 5 hours, whereby
44.1 g of white solids of 2,4-bis(2-fluorophenyl)-1,5-dihy-
droxybenzene were obtained (yield: 100%).

(b-4) Synthesis of benzofurano[3,2-b]dibenzofuran

2,4-bis(2-fluorophenyl)-1,5-dihydroxybenzene (44.14 g)
and 888 mL of N-methyl-2-pyrrolidinone (dehydrated) were
put in a flask, and solids were completely dissolved. K,CO,
(81.8 g) was added thereto, and then stirred at 200° C. for 2
hours. After completion of reaction, the solution was cooled
to room temperature, and 2 L of toluene was added. The
resulting solution was transferred to a separating funnel and
washed with water. After dried over MgSQO,, removal of
impurity at the original point was conducted through a silica
gel short column, and the solution was concentrated. The
resulting solution was subjected to recrystallization from a
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toluene/hexane mixed solvent, whereby 27.9 g of white
solids of benzofurano[3,2-b]dibenzofuran were obtained
(vield: 73%).

(b-5) Synthesis of
benzofurano|3,2-b]dibenzofuran-6-boronic acid

Benzofurano|[3,2-b]dibenzofuran (12.9 g) and tetrahydro-
furan (dehydrated) (300 mlL.) were added to a flask, and the
resulting solution was cooled to —78° C. n-BulLi ((2.63M in
hexane) 20.0 mL) was added thereto, and then the resulting
solution was kept at room temperature for 1 hour. Next, the
solution was cooled to —78° C. again, followed by addition
of B(OMe); (10.4 g). The resulting solution was stirred at
-78° C. for 10 minutes, and then kept at room temperature
for 1 hour. After completion of the reaction, the solution was
concentrated to about half amount in an evaporator. Then,
1IN HCL aq. (200 mL) was added and the resulting solution
was stirred at room temperature for 1 hour. Subsequently, the
resulting solution was transferred to a separating funnel and
extracted with ethyl acetate. After drying over MgSQO,, this
solution was concentrated and dispersed and washed with a
toluene/hexane mixed solvent, whereby 13.7 g of white
solids of benzofurano[3,2-b]dibenzofuran-6-boronic acid
were obtained (yield: 91%).

Synthetic Example 3

(c) Synthesis of 2-(benzo[kl|xanthene-4-y1)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolan

2-(benzo[kl]xanthene-4-yl)-4,4,5,5-tetramethyl-1,3,2-di-
oxaborolan was synthesized according to the synthesis
scheme described below.

OH
Pd(OAc)
Br PPhy
CS2C03
+ N,
DMF
Br
OMe
o BBrs 9 ThO,PY
—_ —_—
CH,Cl, CH,C],
\ \ 201
OMe OH
(0] ¢]
B—B
0  —5_/ N A—
(¢ (¢]
AN

PdCLy(dpp1), dppf, KOAc

Dioxane

OTf



US 9,484,540 B2

251

-continued
O O

(c-1) Synthesis of 4-methoxybenzo[kl|xanthene

0
/
B
o

4-methoxy-1-naphthol (6.97 g) and 1,2-dibromobenzene
(11.3 g) were dissolved in 200 mL of dimethylformamide.
Cesium carbonate (52.13 g), triphenylphosphine (2.10 g)
and palladium acetate (II) (0.45 g) were added sequentially,
and stirred at 140° C. for 15 hours. The resulting solution
was cooled to room temperature and separated by adding
water and ethy] acetate. The water phase was extracted with
ethyl acetate and washed with water and brine. After organic
phases were combined and dried over anhydrous sodium
sulfate and filtrated, the solution was evaporated. Water and
methanol were added to the resulting residue. The resulting
solution was extracted with diethyl ether and ethyl acetate,
and washed with water and brine. After organic phases were
combined and dried over anhydrous sodium sulfate and
filtrated, the solution was evaporated. After purified by silica
gel chromatography, the obtained residue was dispersed and
washed and then dried, whereby 3.26 g of yellow solids of
4-methoxybenzo[kl]|xanthene were obtained (yield: 33%).

(c-2) Synthesis of 4-hydroxybenzo[kl]xanthene

4-methoxybenzo[kl|xanthene (3.26 g) was dissolved in
100 mL of dichloromethane. Under an argon atmosphere,
the resulting solution was cooled to -68° C. in a dry
ice/methanol bath. Then, dichloromethane solution of boron
tribromide (1M, 14 ml) was added dropwise for 20 minutes.
Gradually warming to room temperature, the resulting solu-
tion was stirred for 4 hours. The obtained mixture was
cooled on ice and carefully deactivated by adding several
drops of water. 100 mL. of water was further added. The
generated precipitates were collected by filtration, and
washed with water and dichloromethane, followed by dry-
ing. As a result, crystals of 4-hydroxybenzo[kl|xanthene
(2.35 g) were obtained. The filtrate was separated, and a
water phase was extracted with dichloromethane. After
organic phases were combined and dried over anhydrous
sodium sulfate and filtrated, the solution was evaporated.
The residue obtained was dispersed and washed with a small
amount of dichloromethane and dried, whereby crystals of
4-hydroxybenzo[kl|xanthene (0.53 g) were obtained. The
total amount and yield of both crystals is 2.88 g and 94%,
respectively.

[(c-3) Synthesis of
4-trifluoromethanesulfonylbenzo[kl|xanthene]

4-hydroxybenzo[kl|xanthene (2.88 g) was dispersed in
100 mL of dichloromethane and, cooled on ice, and pyridine
(4.0 mL) was added under an argon atmosphere. Trifluo-
romethanesulfonic acid anhydride (3.0 mL) was added drop-
wise to the solution obtained for 10 minutes. After stirring
while cooling on ice for 5 minutes, the solution was stirred
for 3 hours while warming gradually to room temperature.
1M hydrochloric acid (50 mL) was added to the resulting
solution while cooling in ice, the mixed solution was
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extracted with dichloromethane and washed with saturated
sodium bicarbonate water. After that, the solution was dried
over anhydrous sodium sulfate, filtrated and then concen-
trated. The resulting residue was dispersed and washed with
a mixed solution of hexane/ethyl acetate and dried, whereby
solids of 4-trifluoromethanesulfonylbenzo|[kl|xanthene were
obtained. The mother solution in the washing was concen-
trated and purified by means of silica gel chromatography.
The residue obtained was dispersed and washed with hexane
and dried, whereby solids of 4-trifluoromethanesulfonyl-
benzo[kl|xanthene was obtained. By bringing together both
solids, 3.01 g of brownish white solids of 4-trifluorometh-
anesulfonylbenzo[kl]xanthene were obtained (yield: 67%).

(c-4) Synthesis of 2-(benzo[kl|xanthene-4-yl1)-4,4,5,
S-tetramethyl-1,3,2-dioxaborolane

4-trifluoromethanesulfonylbenzo[kl|xanthene (3.01 g),
bispinacolate diboron (2.30 g), [1,1'-bis(diphenylphosphino)
ferrocene|palladium(Il)dichloride dichloromethane adduct
(0.34 g), 1,1'-bis(diphenylphosphino)ferrocene (0.23 g) and
potassium acetate (2.42 g) were dissolved in 50 ml of
1,4-dioxane and stirred at 80° C. for 17 hours. Bispinacolate
diboron (1.15 g), [1,1'-bis(diphenylphosphino)ferrocene]
palladium(Il)dichloride dichloromethane adduct (0.34 g)
and 1,1'-bis(diphenylphosphino)ferrocene (0.23 g) were
added at 80° C. for 7 and a half hours. The reaction solution
was cooled to room temperature, water and ethyl acetate
were added thereto. Then, the resulting solution was fil-
trated. The mixed solution obtained was separated and
extracted with ethyl acetate. After that, organic phases were
combined and the resulting solution was washed with brine,
dried over anhydrous sodium sulfate, filtered and then
concentrated. The resulting residue was purified by silica gel
chromatography, whereby 1.47 g of yellow solids of
2-(benzo[kl]xanthene-4-y1)-4,4,5,5-tetramethyl-1,3,2-di-
oxaborolane were obtained (yield: 52%).

Synthetic Example 4

(d) Synthesis of
2-(3-bromophenyl)-imidazo[ 1,2-a]pyridine

2-(3-bromophenyl)-imidazo[ 1,2-a]pyridine was synthe-
sized according to the scheme described below.

AN
Br | o
o H,N N
NaHCO;
EtOH
Br
Br
2nih
NZ N

A mixture of 9.25 g of 3-bromophenacylbromide, 10.0 g
of 2-aminopyridine and 4.19 g of sodium hydrogen carbon-
ate in 150 ml of ethanol was refluxed for 5 hours. After
completion of the reaction, generated crystals were collected
by filtration, washed with water and acetone, and dried
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under reduced pressure, whereby 7.91 g of 2-(3-bromophe-
nyl)-imidazo[1,2-a]pyridine was obtained (yield: 87%).

Oxygen-Containing Fused Ring Derivative
Example 1

Synthesis of Compound 1

A mixture of 3.00 g of 1-(4-bromophenyl)-2-phenyl-1H-
benz[d]imidazole, 2.94 g of benzo[b]naphtho[2,1-d]furan-
5-boronic acid, 0.50 g of tetrakis(triphenylphosphine)palla-
dium(0), 26 ml of 1,2-dimethoxyethane and 13 mL of a 2M
aqueous sodium carbonate solution were refluxed for 8
hours. The reaction mixture was cooled to room tempera-
ture, and water was added thereto, followed by stirring for
30 minutes. Ethyl acetate and hexane were added to the
resulting solution, followed by stirring further for 30 min-
utes. The generated solids were collected by filtration,
washed with water, methanol and hexane, and dried under
reduced pressure. The solids obtained were dispersed and
washed with a mixed solution of hexane/ethyl acetate. After
that, the solids were purified by silica gel chromatography
and dispersed and washed in hot toluene, whereby 3.01 g of
white solids was obtained.

As a result of mass spectroscopy analysis, the compound
obtained was identified as the following compound 1
(m/e=486 for molecular weight 486.17). The yield was 72%.

’ O o

Pd(PPh3)y
Na,COj3 aq.

—_—

DME

\N
Br N

\N

(Compound 1)
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Example 2

Synthesis of Compound 2

A mixture of 3.00 g of 1-(4-bromophenyl)-2-phenyl-1H-
benz[d]imidazole, 3.70 g of benzofurano|3,2-b]dibenzo-
furan-6-boronic acid, 0.60 g of tetrakis(triphenylphosphine)
palladium(0), 26 ml of 1,2-dimethoxyethane and 13 mL of
a 2M aqueous sodium carbonate solution were refluxed for
13 hours. The reaction mixture was cooled to room tem-
perature, and water was added thereto, followed by stirring
for 30 minutes. The generated solids were collected by
filtration, washed with water, methanol and hexane, and
dried under reduced pressure. The solids obtained were
purified by silica gel chromatography, whereby 4.42 g of
white solids were obtained.

As a result of mass spectroscopy analysis, the compound
obtained was identified as the following compound 2
(m/e=526 for molecular weight 526.17). The yield was 97%.

B(OH),
O O O
(O @2
=N
Br N

ON
O Uas
&

Example 3

Pd(PPhs)4
Na,CO; aq.

—_—

DME

(Compound 2)

Synthesis of Compound 3

A mixture of 1.36 g of 1-(4-bromophenyl)-2-phenyl-1H-
benz[d]imidazole, 1.47 g of 2-(benzo[kl|xanthene-4-yl)-4,
4,5,6-tetramethyl-1,3,2-dioxaborolane, 0.14 g of tetrakis(tri-
phenylphosphine)palladium(0), 12 ml of 1,2-
dimethoxyethane and 6 ml of 2M aqueous sodium
carbonate solution were refluxed for 6 hours. The reaction
mixture was cooled to room temperature, and water was
added thereto, followed by stirring for 30 minutes. The
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generated solids were collected by filtration, washed with
water, methanol and hexane, and dried under reduced pres-
sure. The solids obtained were purified by silica gel chro-
matography, whereby 1.67 g of white solids were obtained.

As a result of mass spectroscopy analysis, the compound
obtained was identified as the following compound 3
(m/e=486 for molecular weight 486.17). The yield was 88%.

-

\N
Br N

Pd(PPh3)y
Na,COj3 aq.
B ——

DME

\N
O N

(Compound 3)

Example 4
Synthesis of Compound 4

Reaction was conducted in the same manner as in
Example 2, except that 2-(3-bromophenyl)-imidazo[1,2-a]
pyridine synthesized in Synthetic Example 4 was used
instead of 1-(4-bromophenyl)-2-phenyl-1H-benz[d]imida-
zole.

As a result of mass spectroscopy analysis, the compound
obtained was identified as the following compound 4
(m/e=450 for molecular weight 450.14). The yield was 73%.

B(OH),
O O O
Br
NN

Pd(PPh3)4
Na,CO; aq.
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-continued

(Compound 4)

The physical property for each of Compounds 1, 2, 3 and
4 obtained was evaluated according to the following meth-
ods. The results were shown in Table 1.

(1) Triplet Energy (ET)

The method for measuring the above-mentioned physical
value is as follows.

The triplet energy was measured by a commercially
available device (F-4500, manufactured by Hitachi [td.).
The conversion formula of E” is as follows.

Conversion formula ET (eV)=1239.85/2 ,

The “A,,” (unit: nm) means, when the phosphorescent
intensity and the wavelength are taken at the vertical axis
and the horizontal axis respectively to express a phospho-
rescent spectrum and a tangential line is drawn against the
rise on the shorter wavelength side of the phosphorescent
spectrum, a wavelength value of the intersection of the
tangential line and the horizontal axis (unit: nm).

Each compound is dissolved in a solvent (sample 10
umol/l, EPA (diethylether:isopentane:ethanol: 5:5:5 (volume
ratio)). Each solvent is spectrally graded to obtain a sample
for measuring phosphorescent emission. The sample for
measuring phosphorescent emission put in a quarts cell was
cooled to 77K, and then irradiated with excited light. The
phosphorescent intensity was measured while changing the
wavelength. In the phosphorescent spectrum, the vertical
axis was the phosphorescent intensity and the horizontal axis
was the wavelength.

A tangent line was drawn against the rise of the short-
wavelength side of this phosphorescent spectrum, and a
wavelength value %, (nm) of the intersection of the tangent
line and the horizontal axis was obtained.

The tangent line against the rise on the short-wavelength
side of the phosphorescent spectrum is drawn as follows.
When moving on the spectrum curve from the short wave-
length side of the phosphorescent spectrum to the maximum
value of the shortest wavelength side, a tangent line at each
point on the curve towards the long-wavelength side is taken
into consideration. The slope of this tangent line increases
with a rise in the curve (i.e. as the vertical axis is increased).
This tangent line drawn at a point where this value of slope
becomes the maximum is taken as the tangent line relative
to the rise on the short wavelength side of the phosphores-
cent spectrum.

The maximum point having a peak intensity which is 10%
or less of the maximum peak intensity of the spectrum is not
included in the maximum value on the shortest wavelength
side, and a tangent line which is taken at a point which is
closest to the maximum value on the shortest wavelength
side and where the value of the slope becomes the maximum
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is taken as a tangent line taken against the edge on the
shorter wavelength side of the phosphorescent spectrum.
(2) Ionization Potential (Ip)

An ionization potential was measured by a method in
which a single layer of each layer was formed on an ITO
glass substrate separately by vacuum deposition, and mea-
sured by means of a photoelectron spectrometer (AC-3,
manufactured by RIKEN Co., Ltd.) in the atmosphere by
means of a thin film on the ITO glass substrate. Specifically,
the material is irradiated with light, and the amount of
electrons generated by charge separation is measured.

The one-half of the amount of photoelectrons emitted are
plotted relative to the energy, and the threshold value of the
photoelectron emission energy is taken as the ionization
potential (Ip).

(3) Affinity (Af)

The affinity was calculated from the measured value of the
ionization potential Ip and the energy gap Eg. The calcula-
tion was conducted as follows.

Af=Ip-Eg

The energy gap Eg was measured from the absorption
edge of the absorption spectrum of the toluene solution.
Specifically, an absorption spectrum was measured by
means of a commercially available UV-visible spectropho-
tometer and the energy gap was calculated from the wave-
length of the rise on the long-wavelength side of the spec-
trum.

The conversion formula is as follows:

Eg (eV)=1239.85/A,,

One obtained by taking the absorption on the vertical axis
and the wavelength on the horizontal axis is taken as the
absorption spectrum. In the above-mentioned conversion
formula regarding the energy gap Eg “A,” (unit: nm) means
the value of a wavelength at the intersection of the tangent
line and the horizontal line.

Each compound was dissolved in a toluene solvent
(sample 2x107> mol/l) and a sample was prepared such that
the optical path became 1 cm. The absorption was measured
by changing the wavelength.

The tangent line against the rise on the long-wavelength
side of the absorption spectrum is drawn as follows.

Of the maximum values of the absorption spectrum, when
moving on the spectrum curve from the maximum value on
the longest wavelength side to the long wavelength direc-
tion, a tangent line at each point on the curve is taken into
consideration. As the curve rises down (i.e. as the vertical
axis is decreased), the slope of this tangent line is decreased
and then increased. This increase and decrease are repeated.
A tangent line drawn at a point where the value of the slope
become the minimum in the longest wavelength side (how-
ever, a case when the absorption becomes 0.1 or less is
excluded) is taken as a tangent line against the rise on the
longest wavelength side of the absorption spectrum.

The maximum point at which the value of absorption is
0.2 or less is not included in the maximum value on the
longest wavelength side.

TABLE 1
Triplet energy Tonization potential Affinity
(eV) (eV) (eV)
Compound 1 2.6 6.1 2.6
Compound 2 2.8 6.1 2.7
Compound 3 2.2 5.8 2.7
Compound 4 2.8 6.0 2.6
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Preparation of Organic EL. Device

Example 5

Materials used for organic EL devices were as below:

ool

o ‘?ﬁ
9

O

HT-1

BH-1

BD-1

OO
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-continued

—
O N

A glass substrate of 25 mm by 75 mm by 1.1 mm thick
with an ITO transparent electrode (anode) (GEOMATEC
CO., LTD.) was subjected to ultrasonic cleaning in isopropyl

ET-1

alcohol for 5 minutes, and cleaning with ozone for 30
minutes. The resultant substrate with transparent electrode
lines was mounted on a substrate holder in a vacuum
deposition device. First, compound HT-1 was deposited on
the surface on which the transparent electrode lines were
formed to form a 50 nm-thick film so as to cover the
transparent electrode. The HT-1 film functions as a hole-
injecting layer. Subsequently, compound HT-2 was depos-
ited on the HT-1 film to form a 45 nm-thick film, HT-2 film.
The HT-2 film functions as a hole-transporting layer.

Compound BH-1 (host material) and compound BD-1
(dopant material) were deposited on the HT-2 film such that
the film thickness ratio of BH-1 to BD-1 became 20:1 to
form an emitting layer with a thickness of 25 nm. On the
emitting layer, compound 1 was deposited to form a block-
ing layer with a thickness of 5 nm. Furthermore, ET-1 as an
electron-transporting material was deposited to form an
electron-transporting layer with a thickness of 20 nm on the
emitting layer. Then, LiF was deposited into a thickness of
1 nm. Metal Al was deposited on the LiF film into a
thickness of 150 nm to form a metallic cathode, whereby an
organic EL. device was fabricated.

For the fabricated organic EL devices, device perfor-
mance (driving voltage, luminous efficiency, external quan-
tum yield and emission wavelength) at a current density of
10 mA/cm® when driven was evaluated. The results are
shown in Table 2.
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Examples 6, 7, 8 and 9, and Comparative Example

Organic EL devices were prepared and evaluated in the
same manner as in Example 5, except that the blocking layer
was stacked using compounds shown in Table 2 instead of
compound 1, and compounds shown in Table 2 were used as
a material for the dopant. The results are shown in Table 2.

BD-2 used in Example 8 and ET-2 used in Comparative
Example 1 were following compounds.

ET-2

TSR0

TABLE 2

Driving Luminous External Emission

voltage efficiency quantum yield wavelength

Blocking layer Dopant material V) (Cd/A) (%) (nm)
Example 5 Compound 1 BD1 4.3 9.1 9.3 450
Example 6 Compound 2 BD1 3.6 10.0 10.0 450
Example 7 Compound 3 BD1 3.6 10.1 10.0 451
Example 8 Compound 4 BD1 4.1 9.4 9.2 451
Example 9 Compound 4 BD2 4.2 10.2 9.5 464
Com. Ex. 1 ET-2 BD1 4.6 8.2 7.9 451
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The results above show that by using the compounds of
the invention as a blocking layer (Examples 5 to 9), the
organic EL devices of the invention can realize a higher
luminous efficiency compared with the device which uses a
conventional electron-transporting material (Comparative
Example 1).

It is suggested that the above-mentioned high efficiency is
due to the presence of blocking material. The triplet energy
of BH-1 as a host material is 1.83 eV when calculated
according to the same method as in compounds 1 to 4. The
values for compounds 1 to 3 are sufficiently larger than the
triplet energy of BH-1. As a result, it is considered that the
confinement effect of triplet excitons in an emitting layer
occurs.

Example 10

A glass substrate of 25 mm by 75 mm by 1.1 mm thick
with an ITO transparent electrode (anode) (GEOMATEC
CO., LTD.) was subjected to ultrasonic cleaning in isopropyl
alcohol for 5 minutes, and cleaning with ozone for 30
minutes. The resultant substrate with transparent electrode
lines was mounted on a substrate holder in a vacuum
deposition device. First, compound HT-1 was deposited on
the surface on which the transparent electrode lines were
formed to form a 50 nm-thick film so as to cover the
transparent electrode. The HT-1 film functions as a hole-
injecting layer. Subsequently, compound HT-2 was depos-
ited on the HT-1 film to form a 45 nm-thick HT-2 film. The
HT-2 film functions as a hole-transporting layer.

Compound BH-1 (host material) and compound BD-2
(dopant material) were deposited on the HT-2 film such that
the film thickness ratio of BH-1 to BD-2 became 20:1 to
form an emitting layer with a thickness of 25 nm. Further-
more, on the emitting layer, compound 1 was deposited to
form an electron-transporting layer with a thickness of 25
nm. Then, LiF was deposited into a thickness of 1 nm. Metal
Al was deposited on the LiF film into a thickness of 150 nm
to form a metallic cathode, whereby an organic EL device
was fabricated.

For the fabricated organic EL devices, device perfor-
mance (driving voltage, luminous efficiency, external quan-
tum yield and emission wavelength) at a current density of
10 mA/cm® when driven was evaluated. The results are
shown in Table 3.

Examples 11, 12 and 13, and Comparative
Example 2

Organic EL devices were prepared and evaluated in the
same manner as in Example 10, except that the electron-
transporting layer was stacked using compounds shown in
Table 3 instead of compound 1. The results are shown in
Table 3.

TABLE 3
External
Driving Luminous quantum Emission
Blocking voltage efficiency yield wavelength
layer V) (Cd/A) (%) (nm)
Example Compound 1 4.9 9.0 8.6 463
10
Example  Compound 2 4.5 9.0 8.7 463
11
Example Compound 3 43 10.0 9.6 463
12
Example  Compound 4 4.8 10.0 9.3 464
13
Com. Ex. ET-2 49 6.8 6.4 464

10

15

20

25

30

35

40

45

50

55

60

65

262

It is understood that, even if used as a material for forming
an electron-transporting layer singly, the compound of the
invention can exhibit a high luminous efficiency as com-
pared with conventional electron-transporting materials.
This demonstrates that, the compound of the invention has
not only effects of confining triplet excitons in the emitting
layer by the effect of the blocking layer, as suggested above,
it can also function as an electron-transporting material since
it is a compound having a nitrogen-containing heterocyclic
ring part that has electron-injecting/transporting property in
the same molecule. By using the compound of the invention,
apossibility is suggested that an electron-transporting region
having a blocking performance with a smaller number of
stacked layers can be formed.

INDUSTRIAL APPLICABILITY

An organic EL device comprising the oxygen-containing
fused ring derivative of the invention can be used in a
display panel for a large-screen television, an illumination
panel or the like for which low consumption power is
desired.

Although only some exemplary embodiments and/or
examples of this invention have been described in detail
above, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments and/or examples without materially departing from
the novel teachings and advantages of this invention.
Accordingly, all such modifications are intended to be
included within the scope of this invention.

The documents described in the specification are incor-
porated herein by reference in its entirety.

The invention claimed is:

1. An oxygen-comprising fused ring of formula (1):

M
(Arpyt L—HAD,

wherein:

Ar, is an m-valent fused ring group of formula (9), (10),
(11), (12), (13), (14) or (15):

©
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-continued
10)
Rs2
Rsy
Res
O
Rgy

Reg Rgr

an

12)

13)

(14)
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-continued
15)
Rigo Ryzg
Rz O O Rizs,
Rizs Ry Ryzs  Russ

wherein R, to R, ,, are each independently a hydrogen

atom, a halogen atom, a substituted or unsubstituted

alkyl group comprising 1 to 10 carbon atoms, a sub-

stituted or unsubstituted cycloalkyl group comprising 3

to 8 ring carbon atoms, a substituted silyl group com-

prising 3 to 30 carbon atoms, a cyano group, a substi-

tuted or unsubstituted alkoxy group comprising 1 to 20

carbon atoms, a substituted or unsubstituted aryl oxy

group comprising 6 to 20 ring carbon atoms, a substi-
tuted or unsubstituted alkylthio group comprising 1 to

20 carbon atoms, a substituted or unsubstituted arylthio

group comprising 6 to 30 carbon atoms, a substituted or

unsubstituted arylamino group comprising 6 to 30

carbon atoms, a substituted or unsubstituted mono- or

dialkylamino group comprising 1 to 20 carbon atoms,

a substituted or unsubstituted aryl group comprising 6

to 30 ring carbon atoms, or a substituted or unsubsti-

tuted heterocyclic group comprising 5 to 30 ring atoms;

in formula (9), at least one of R, to Ry, is a single bond
which bonds to L, the number of single bond being
equal to m;

in formula (10), at least one of Ry, to Ry, is a single
bond which bonds to L, the number of single bond
being equal to m,

in formula (11), at least one of Ry, to R, is a single
bond which bonds to L, the number of single bond
being equal to m;

in formula (12), at least one of R, to R}, is a single
bond which bonds to L, the number of single bond
being equal to m;

in formula (13), at least one of R, to R,,, is a single
bond which bonds to L, the number of single bond
being equal to m;

in formula (14), at least one of R 5, to R ;4 is a single
bond which bonds to L, the number of single bond
being equal to m;

in formula (15), at least one of R 5, to R4, is a single
bond which bonds to L, the number of single bond
being equal to m;

HAr is nitrogen-comprising heterocyclic of formulae
(2), 3), (4), or (5); with the proviso that when Arl
is represented by formula (12) HAr is not repre-
sented by formula (4);

n and m are each independently an integer from 1 to 5,
and at least one of n and m is 1; and

L is a single bond, a substituted or unsubstituted n+1
valent aryl group comprising 6 to 30 ring carbon
atoms, a substituted or unsubstituted n+1 valent
heterocyclic group comprising 5 to 30 ring atoms, or
an n+1 valent group obtained by combining, through
a single bond, two or three selected from the group
consisting of a substituted or unsubstituted aryl
group comprising 6 to 30 ring carbon atoms and a
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substituted or unsubstituted heterocyclic group com-
prising 5 to 30 ring atoms:

266

tuted arylthio group comprising 6 to 30 carbon
atoms, a substituted or unsubstituted arylamino

group comprising 6 to 30 carbon atoms, a substituted
or unsubstituted mono- or dialkylamino group com-
Ry, @ s pr.‘ising 1 to 20 carbon atoms, a substituteq or unsub-
\ < stituted aryl group comprising 6 to 30 ring carbon
N Xy atoms, or a substituted or unsubstituted heterocylic

R12—<\ I | group comprising 5 to 30 ring atoms;
N XéX 0 when plural R ;s are present, the R, ;s may be the same

3) or different;

Y, Y is N or CR,;, wherein R,; is a hydrogen atom, a
| halogen atom, a substituted or unsubstituted alkyl
group comprising 1 to 10 carbon atoms, a substituted
Y 15 or unsubstituted cycloalkyl group comprising 3 to 8
Ry ring carbon atoms, a substituted silyl group compris-
“ ing 3 to 30 carbon atoms, a cyano group, a substi-
tuted or unsubstituted alkoxy group comprising 1 to
20 carbon atoms, a substituted or unsubstituted ary-
20 loxy group comprising 6 to 20 ring carbon atoms, a
substituted or unsubstituted alkylthio group compris-
ing 1 to 20 carbon atoms, a substituted or unsubsti-
(5) tuted arylthio group comprising 6 to 30 carbon
atoms, a substituted or unsubstituted arylamino
25 group comprising 6 to 30 carbon atoms, a substituted
or unsubstituted mono- or dialkylamino group com-
prising 1 to 20 carbon atoms, a substituted or unsub-
stituted aryl group comprising 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heterocyclic

30 group comprising 5 to 30 ring atoms;
when plural R, ;s are present, the R, ;s may be the same
wherein: or different;
Ri1. Ry Ryps Rop, Ry 10 Ry, and Ry, to Ry are each 7 is a cross-linking group, which is a substituted or
independently a hydrogen atom, a halogen atom, a 35 unsubstituted alkylene group or a substituted or

substituted or unsubstituted alkyl group comprising
1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group comprising 3 to 8 ring carbon
atoms, a substituted silyl group comprising 3 to 30
carbon atoms, a cyano group, a substituted or unsub-
stituted alkoxy group comprising 1 to 20 carbon
atoms, a substituted or unsubstituted aryloxy group 3. The oxygen-comprising fused ring of claim 1, wherein
comprising 6 to 20 ring carbon atoms, a substituted ~ Ar, is the fused ring group of formula (11), (12), (13), or
or unsubstituted alkylthio group comprising 1 to 20 (14).

carbon atoms, a substituted or unsubstituted arylthio 45 4. The oxyggn-comprising fused ring of claim 1, wherein
group comprising 6 to 30 carbon atoms, a substituted Ar, the fused ring group Pf formula. (15). ) )
or unsubstituted arylamino group comprising 6 to 30 5 The oXygen-comprising fused ring of claim 1, wherein
carbon atoms, a substituted or unsubstituted mono- m is 1 and nis 1. o ) ) o
or dialkylamino group comprising 1 to 20 carbon 6. Th.e oxygen-comprising fused ring of claim 1,.WhICh is
atoms, a substituted or unsubstituted aryl group 50 @ material for an organic electrolumlnescence device.
comprising 6 to 30 ring carbon atoms, or a substi- 7. An oxygen-comprising fused ring, of formula (1):
tuted or unsubstituted heterocyclic group comprising

5 to 30 ring atoms;

any one of R;, to R;5 and any one of R;;to R,y is a
single bond which bonds two pyridine rings in 55
formula (4);

X is N or CR,;, wherein R,; is a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl
group comprising 1 to 10 carbon atoms, a substituted
or unsubstituted cycloalkyl group comprising 3 to 8 60
ring carbon atoms, a substituted silyl group compris-
ing 3 to 30 carbon atoms, a cyano group, a substi-
tuted or unsubstituted alkoxy group comprising 1 to
20 carbon atoms, a substituted or unsubstituted ary-
loxy group comprising 6 to 20 ring carbon atoms, a 65
substituted or unsubstituted alkylthio group compris-
ing 1 to 20 carbon atoms, a substituted or unsubsti-

unsubstituted alkenylene group; and
any one of R, to R,;, any one of R,, to R,;, any one
of R;; to R,,, and any one of R,, to R,, is a single
bond which bonds to L.
2. The oxygen-comprising fused ring of claim 1, wherein
Ar, is the fused ring group of formula (9) or (10).

M
(Arpyt L—HAn,

wherein:

Ar, is an m-valent fused ring group in which four or
more rings comprising one or more rings selected
from the group consisting of a furan ring and a pyran
ring are fused

HAr is nitrogen-comprising heterocyclic of formulae
(2), 3), (4), or (5); with the proviso that when Arl
is represented by formula (12) HAr is not repre-
sented by formula (4);

n and m are each independently an integer from 1 to 5,
and at least one of n and m is 1; and
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L is a single bond, a substituted or unsubstituted n+1
valent aryl group comprising 6 to 30 ring carbon
atoms, a substituted or unsubstituted n+1 valent
heterocyclic group comprising 5 to 30 ring atoms, or
an n+1 valent group obtained by combining, through
a single bond, two or three selected from the group
consisting of a substituted or unsubstituted aryl
group comprising 6 to 30 ring carbon atoms and a
substituted or unsubstituted heterocyclic group com-
prising 5 to 30 ring atoms:

wherein:

Ry, Riss Ryys Rysy Ry to Ry and R, to R, are each
independently a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group comprising
1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group comprising 3 to 8 ring carbon
atoms, a substituted silyl group comprising 3 to 30
carbon atoms, a cyano group, a substituted or unsub-
stituted alkoxy group comprising 1 to 20 carbon
atoms, a substituted or unsubstituted aryloxy group
comprising 6 to 20 ring carbon atoms, a substituted
or unsubstituted alkylthio group comprising 1 to 20
carbon atoms, a substituted or unsubstituted arylthio
group comprising 6 to 30 carbon atoms, a substituted
or unsubstituted arylamino group comprising 6 to 30
carbon atoms, a substituted or unsubstituted mono-
or dialkylamino group comprising 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group
comprising 6 to 30 ring carbon atoms, or a substi-
tuted or unsubstituted heterocyclic group comprising
5 to 30 ring atoms;

any one of R;; to R;5 and any one of Ry to R,; is a
single bond which bonds two pyridine rings in
formula (4);

X is N or CR,;, wherein R,; is a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl
group comprising 1 to 10 carbon atoms, a substituted
or unsubstituted cycloalkyl group comprising 3 to 8
ring carbon atoms, a substituted silyl group compris-
ing 3 to 30 carbon atoms, a cyano group, a substi-
tuted or unsubstituted alkoxy group comprising 1 to
20 carbon atoms, a substituted or unsubstituted ary-
loxy group comprising 6 to 20 ring carbon atoms, a
substituted or unsubstituted alkylthio group compris-
ing 1 to 20 carbon atoms, a substituted or unsubsti-
tuted arylthio group comprising 6 to 30 carbon
atoms, a substituted or unsubstituted arylamino
group comprising 6 to 30 carbon atoms, a substituted
or unsubstituted mono- or dialkylamino group com-
prising 1 to 20 carbon atoms, a substituted or unsub-
stituted aryl group comprising 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heterocylic
group comprising 5 to 30 ring atoms,

when plural R ;s are present, the R ;s may be the same
or different;

Y is N or CR,;, wherein R,; is a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl
group comprising 1 to 10 carbon atoms, a substituted
or unsubstituted cycloalkyl group comprising 3 to 8
ring carbon atoms, a substituted silyl group compris-
ing 3 to 30 carbon atoms, a cyano group, a substi-
tuted or unsubstituted alkoxy group comprising 1 to
20 carbon atoms, a substituted or unsubstituted ary-
loxy group comprising 6 to 20 ring carbon atoms, a
substituted or unsubstituted alkylthio group compris-
ing 1 to 20 carbon atoms, a substituted or unsubsti-
tuted arylthio group comprising 6 to 30 carbon
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atoms, a substituted or unsubstituted arylamino
group comprising 6 to 30 carbon atoms, a substituted
or unsubstituted mono- or dialkylamino group com-
prising 1 to 20 carbon atoms, a substituted or unsub-

5 stituted aryl group comprising 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heterocyclic
group comprising 5 to 30 ring atoms;

when plural R, s are present, the R, ;s may be the same
or different;

Z is a cross-linking group, which is a substituted or
unsubstituted alkylene group or a substituted or
unsubstituted alkenylene group; and

any one of R, to R,;, any one of R,, to R,;, any one
of R;, to R,, and any one of R,; to R, is a single
bond which bonds to L, and

wherein the oxygen-comprising fused ring is a material
for a blocking layer of an organic electrolumines-
cence device.

50 8. Anorganic electroluminescence device, comprising, in

the following sequence:
an anode;
an emitting layer;
a blocking layer; and
55 a cathode,
wherein the blocking layer comprises an oxygen-com-
prising fused ring of formula (1):

10

15

)
30 (At L—HAI),,

wherein:
Ar, is an m-valent fused ring group in which four or

35 more rings comprising one or more rings selected
from the group consisting of a furan ring and a pyran
ring are fused

HAr is nitrogen-comprising heterocyclic of formulae
(2), 3), (4), or (5); with the proviso that when Arl

40 is represented by formula (12) HAr is not repre-
sented by formula (4);

n and m are each independently an integer from 1 to 5,
and at least one of n and m is 1; and
L is a single bond, a substituted or unsubstituted n+1

45 valent aryl group comprising 6 to 30 ring carbon
atoms, a substituted or unsubstituted n+1 valent
heterocyclic group comprising 5 to 30 ring atoms, or
an n+1 valent group obtained by combining, through
a single bond, two or three selected from the group

50 consisting of a substituted or unsubstituted aryl
group comprising 6 to 30 ring carbon atoms and a
substituted or unsubstituted heterocyclic group com-
prising 5 to 30 ring atoms:

wherein:

55 R, Rys Ry, Rys, Ry t0 Ry, and R, to Ry, are each
independently a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group comprising
1 to 10 carbon atoms, a substituted or unsubstituted
cycloalkyl group comprising 3 to 8 ring carbon

60 atoms, a substituted silyl group comprising 3 to 30
carbon atoms, a cyano group, a substituted or unsub-
stituted alkoxy group comprising 1 to 20 carbon
atoms, a substituted or unsubstituted aryloxy group
comprising 6 to 20 ring carbon atoms, a substituted

65 or unsubstituted alkylthio group comprising 1 to 20
carbon atoms, a substituted or unsubstituted arylthio
group comprising 6 to 30 carbon atoms, a substituted
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or unsubstituted arylamino group comprising 6 to 30
carbon atoms, a substituted or unsubstituted mono-
or dialkylamino group comprising 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group
comprising 6 to 30 ring carbon atoms, or a substi-
tuted or unsubstituted heterocyclic group comprising
5 to 30 ring atoms;

any one of R;; to R;5 and any one of Ry to R,; is a
single bond which bonds two pyridine rings in
formula (4);

X is N or CR,;, wherein R,; is a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl
group comprising 1 to 10 carbon atoms, a substituted
or unsubstituted cycloalkyl group comprising 3 to 8
ring carbon atoms, a substituted silyl group compris-
ing 3 to 30 carbon atoms, a cyano group, a substi-
tuted or unsubstituted alkoxy group comprising 1 to
20 carbon atoms, a substituted or unsubstituted ary-
loxy group comprising 6 to 20 ring carbon atoms, a
substituted or unsubstituted alkylthio group compris-
ing 1 to 20 carbon atoms, a substituted or unsubsti-
tuted arylthio group comprising 6 to 30 carbon
atoms, a substituted or unsubstituted arylamino
group comprising 6 to 30 carbon atoms, a substituted
or unsubstituted mono- or dialkylamino group com-
prising 1 to 20 carbon atoms, a substituted or unsub-
stituted aryl group comprising 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heterocylic
group comprising 5 to 30 ring atoms;

when plural R ;s are present, the R ;s may be the same
or different;

Y is N or CR,;, wherein R,; is a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl
group comprising 1 to 10 carbon atoms, a substituted
or unsubstituted cycloalkyl group comprising 3 to 8
ring carbon atoms, a substituted silyl group compris-
ing 3 to 30 carbon atoms, a substituted or unsubsti-
tuted alkoxy group comprising 1 to 20 carbon atoms,
a substituted or unsubstituted aryloxy group com-
prising 6 to 20 ring carbon atoms, a substituted or
unsubstituted alkylthio group comprising 1 to 20
carbon atoms, a substituted or unsubstituted arylthio
group comprising 6 to 30 carbon atoms, a substituted
or unsubstituted arylamino group comprising 6 to 30
carbon atoms, a substituted or unsubstituted mono-
or dialkylamino group comprising 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group
comprising 6 to 30 ring carbon atoms, or a substi-
tuted or unsubstituted heterocyclic group comprising
5 to 30 ring atoms;

when plural R,;s are present, the R,;s may be the same
or different;

Z is a cross-linking group, which is a substituted or
unsubstituted alkylene group or a substituted or
unsubstituted alkenylene group; and

any one of R, to R, ; any one of R,, to R,, any one of
R;, to R, and any one of R, to R ;4 is a single bond
which bonds to L.

9. The organic electroluminescence device of claim 8,
further comprising:
an electron-injecting layer and/or an electron-transporting
layer between the blocking layer and the cathode,
wherein at least one layer of the electron-injecting layer
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and the electron-transporting layer comprises a hetero
ring-comprising derivative.

10. The organic electroluminescence device of claim 9,
wherein the electron-injecting layer and/or the electron-
transporting layer comprises an electron-donating dopant.

11. The organic electroluminescence device of claim 10,
wherein the electron-donating dopant is at least one selected
from the group consisting of an alkali metal, an alkaline-
earth metal, a rare earth metal, an oxide of an alkali metal,
a halide of an alkali metal, an oxide of an alkaline-earth
metal, a halide of an alkaline-earth metal, an oxide of a rare
earth metal, a halide of a rare earth metal, an organic
complex of an alkali metal, an organic complex of an
alkaline-earth metal, and an organic complex of a rare earth
metal.

12. The organic electroluminescence device of claim 8,
wherein the emitting layer comprises an anthracene of
formula (16):

(16)

Raos Roo)
Rao7 O Raoa,
o
Raos O Rooz
Raos Raoa

wherein:

Ar,, and Ar,, are each independently a substituted or
unsubstituted aryl group comprising 6 to 30 ring
carbon atoms or a substituted or unsubstituted het-
erocyclic group comprising 5 to 30 ring atoms; and

R,p; to R, are each independently a hydrogen atom,
a fluorine atom, a substituted or unsubstituted alkyl
group comprising 1 to 10 carbon atoms, a substituted
or unsubstituted cycloalkyl group comprising 3 to 10
ring carbon atoms, a substituted or unsubstituted
alkylsilyl group comprising 3 to 30 carbon atoms, a
substituted or unsubstituted arylsilyl group compris-
ing 8 to 30 ring carbon atoms, a substituted or
unsubstituted alkoxy group comprising 1 to 20 car-
bon atoms, a substituted or unsubstituted aryloxy
group comprising 6 to 20 ring carbon atoms, a
substituted or unsubstituted aryl group comprising 6
to 30 ring carbon atoms, or a substituted or unsub-
stituted heterocyclic group comprising 5 to 30 ring
atoms.

13. The organic electroluminescence device of claim 12,
wherein the emitting layer comprising the anthracene of
formula (16) is in contact with the blocking layer comprising
the oxygen-comprising fused ring.

14. The organic electroluminescence device of claim 8,
wherein the emitting layer comprises a fluorescent dopant
having a main peak wavelength of 500 nm or less.

#* #* #* #* #*



